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A multi-domain vertical alignment liquid crystal display that
does not require physical features on the substrate (such as
protrusions and I'TO slits) 1s disclosed. Each pixel of the MVA

LCD 1s subdivided 1nto color components, which are further
divided into color dots. The color components include polar-
1zed extension regions that extend between color dots of
neighboring color components (and neighboring pixels). The
voltage polarity of the color dots and polarized extension
regions are arranged so that fringe fields 1n each color dot
causes multiple liquid crystal domains in each color dot.
Specifically, the color dots and polarity extension regions of
the display are arranged so that neighboring polarized ele-
ments have opposite polarities.
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PIXELS HAVING POLARITY EXTENSION
REGIONS FOR MULTI-DOMAIN VERTICAL

ALIGNMENT LIQUID CRYSTAL DISPLAYS

RELATED APPLICATIONS

The present application 1s a Continuation-In-Part of and
claims the benefit of U.S. Utility patent application Ser. No.
11/751,454 (Publication serial number US 2008/0002072
Al), enftitled “Pixels Using Associated Dot Polarity for Multi-
Domain Vertical Alignment Liquid Crystal Displays™ by Hiap
L. Ong, filed May 21, 2007/, which 1s incorporated herein in 1ts
entirety by reference. U.S. Utility patent application Ser. No.
11/751,454 claimed the benefit of U.S. Provisional Patent
Application Ser. No. 60/799,813, entitled “Multi-domain ver-
tical alignment liquid crystal display with row 1nversion drive
scheme”, by Hiap L. Ong, filed on May 22, 2006; U.S. Pro-
visional Patent Application Ser. No. 60/799,815, entitled
“Multi-domain Vertical Alignment liquid crystal display with
row 1nversion drive scheme”, by Hiap L. Ong, filed May 22,
2006; and U.S. Provisional Patent Application Ser. No.
60/799,843, entitled “Method To Conversion of Row Inver-

sion To Have Effective Pixel Inversion Drive Scheme”, by
Hiap L. Ong, filed May 22, 2006.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to liquid crystal displays
(LCDs). More specifically, the present invention relates
large-pixel multi-domain vertical alignment LCDs, which
can be manufactured with smooth substrates.

2. Discussion of Related Art

Liquid crystal displays (LCDs), which were first used for
simple monochrome displays, such as calculators and digital
watches, have become the dominant display technology.
L.CDs are used routinely in place of cathode ray tubes (CRT's)
for both computer displays and television displays. Various
drawbacks of LCDs have been overcome to improve the
quality of LCDs. For example, active matrix displays, which
have largely replaced passive matrix displays, reduce ghost-
ing and improve resolution, color gradation, viewing angle,
contrast ratios, and response time as compared to passive
matrix displays.

However, the primary drawback of conventional twisted
nematic LCDs 1s the viewing angle 1s very narrow and the
contrast ratio 1s low. Even the viewing angle of active
matrixes 1s much smaller than the viewing angle for CRT.
Specifically, while a viewer directly in front of an LCD
receives a high quality image, other viewers to the side of the
LCD would not recerve a high quality image. Multi-domain
vertical alignment liquid crystal displays (MVA LCDs) were
developed to improve the viewing angle and contrast ratio of
LCDs. FIGS. 1(a)-1(c) illustrate the basic functionality of a
pixel of a vertical alignment LCD 120. For clanity, the LCD of
FIG. 1 uses only a single domain. Furthermore, for clarity, the
LCDs of FIGS. 1(a)-1(c) (and FIG. 2) described 1n terms of
gray scale operation.

LCD 120 has a first polarizer 105, a first substrate 110, a
first electrode 120, a first alignment layer 125, liquid crystals
130, a second alignment layer 140, a second electrode 1435, a
second substrate 150, and a second polarizer 155. Generally,
first substrate 110 and second substrate 150 are made of a
transparent glass. First electrode 120 and second electrode
145 are made of a transparent conductive material such as
I'TO (Indium Tin Oxide). First alignment layer 125 and sec-
ond alignment layer 140, which are typically made of a poly-
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imide (PI) layer, align liquid crystals 130 vertically 1n a rest-
ing state. In operation, a light source (not shown) sends light
from beneath first polarizer 125, which 1s attached to first
substrate 110. First polarizer 103 1s generally polarized 1n a
first direction and second polarizer 155, which is attached to
second substrate 130, 1s polarized perpendicularly to first
polarizer 105. Thus, light from the light source would not pass
through both first polarizer 105 and second polarizer 1355
unless the light polarization were to be rotated by 90 degrees
between first polarizer 105 and second polarizer 155. For
clanty, very few liquid crystals are shown. In actual displays,
liquad crystals are rod like molecules, which are approxi-
mately 5 angstroms in diameter and 20-25 angstroms in
length. Thus, there are over 12 million liquid crystal mol-
ecules 1n a pixel that 1s 120 um width by 300 um length by 3
um height.

In FIG. 1(a), liquid crystals 130 are vertically aligned. In
the vertical alignment, liquid crystals 130 would not rotate
light polarization from the light source. Thus, light from the
light source would not pass through LCD 100 and gives a
completely optical black state and a very high contrast ratio
tfor all color and all cell gap. Consequently MVA LCDs pro-
vide a big improvement on the contrast ratio over the conven-
tional low contrast twisted nematic LCDs. However, as 1llus-
trated 1n FI1G. 1(b), when an electric field 1s applied between
first electrode 120 and second electrode 145, liquid crystals
130 reorientate to a tilted position. Liquid crystals in the tilted
position rotate the polarization of the polarized light coming
through first polarizer 105 by ninety degrees so that the light
can then pass through second polarizer 155. The amount of
tilting, which controls the amount of light passing through the
LCD (1.e., brightness of the pixel), 1s proportional to the
strength of the electric field. Generally, a single thin-film-
transistor (1FT) 1s used for each pixel. However for color
displays, a separate TF'T 1s used for each color component
(typically, Red, Green, and Blue)

However, the light passing through LCD 120 1s not uniform
to viewers at different viewing angles. As 1llustrated 1n FIG.
1(c), aviewer 172 that1s left of center would see a bright pixel
because the broad (light rotating) side of liquid crystals 130
face viewer 172. A viewer 174 that 1s centered on the pixel
would see a gray pixel because the broad side of liquid crys-
tals 130 1s only partially facing viewer 174. A viewer 176 that
1s right of center would see a dark pixel because the broad side
of liquid crystals 130 1s barely facing viewer 176.

Multi-domain vertical alignment liquid crystal displays
(MVA LCDs) were developed to improve the viewing angle
problems of single-domain vertical alignment LCDs. FIG. 2
illustrates a pixel of a multi-domain vertical alignment liquid
crystal display (MVA LCD) 200. MVA LCD 200 includes a
first polarizer 203, a first substrate 210, a first electrode 220,
a first alignment layer 225, liquid crystals 235, liquid crystals
2377, protrusions 260s, a second alignment layer 240, a second
clectrode 245, a second substrate 250, and a second polarizer
255. Liqud crystals 235 form the first domain of the pixel and
liquid crystals 237 form the second domain of the pixel. When
an electric field 1s applied between first electrode 220 and
second electrode 245, protrusions 260 cause liquid crystals
235 to tilt 1n a different direction than liquid crystals 237.
Thus, a viewer 272 that 1s left of center would see the left
domain (liquid crystals 235) as black and the right domain
(liguad crystals 237) as white. A viewer 274 that 1s centered
would see both domains as gray. A viewer 276 that 1s right of
center would see the left domain as white and the right
domain as black. However, because the individual pixels are
small, all three viewers would perceive the pixel as being
gray. As explained above, the amount of tilting of the liquid
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crystals 1s controlled by the strength of the electric field
between electrodes 220 and 245. The level of grayness per-

ceived by the viewer directly related to the amount of tilting of
the liquid crystals. MVA LCDs can also be extended to use
four domains so that the LC orientation in a pixel 1s divided
into 4 major domains to provide wide symmetrical viewing
angles both vertically and horizontally.

Thus, multi-domain vertical alignment liquid crystal dis-
plays, provide wide symmetrical viewing angles, however,
the cost of manufacturing MVA LCDs are very high due to the
difficulty of adding protrusions to the top and bottom sub-
strates and the difficulty of properly aligning the protrusions
on the top and bottom substrates. Specifically, a protrusion on
the bottom substrate must be located at the center of two
protrusions on the top substrate; any misalignment between
the top and bottom substrates will reduce the product yield.
Other techniques of using physical features to the substrates,
such as I'TO slits, which have been used in place of or 1n
combination with the protrusions, are also very expensive to
manufacture. Furthermore, the protrusions and ITO slits
inhibit light transmission and thus reduce the brightness of
the MVA LCDs. Hence, there 1s a need for a method or system
that can provide multi-domain vertical alignment liquid crys-
tal displays, without the need for difficult to manufacture
physical features such as protrusions and I'TO-slits, and with-
out the need to have ultra precise alignment of the top and
bottom substrates.

SUMMARY

Accordingly, the present invention provides an Amplified
Intrinsic Fringe Field MVA LCD (AIFF MVA LCD) that does
not require protrusions or ITO slits. Thus manufacturing of
AIFF MVA LCDs 1n accordance with the present invention 1s
less expensive than conventional MVA LCDs. Specifically,
embodiments of the present invention use novel pixel designs
that provide amplified mtrinsic fringe fields to create the
multiple domains 1n the AIFF MVA LCD. For example, in
accordance with one embodiment of the present invention,
pixels are sub-divided into color components, which include
color dots (CDs) and polarity extension regions (PERSs). Fur-
thermore 1n some embodiments of the present invention,
device component areas (DCAs), associated dots (AD) are
tormed where the switching elements and storage capacitors
may be located by adding an electrode that can be electrically
biased. In addition additional associated dots may be included
in the pixels. In most embodiments of the present invention,
the color dots, the polarity extension portions, and the asso-
ciated dots (which are electrically biased) are arrange so that
color dots are surrounded by neighboring elements (i.e. other
color dots, polarity extension regions, and/or associated dots)
having opposite polarity. Fringe fields 1n each color dot are
amplified by the different dot polarities of neighboring ele-
ments. The amplified fringe fields of a color dot cause the
liquid crystals 1nside the color dot to reonientate and tilt 1n
different direction to form multiple crystal domains. In many
embodiments of the present invention polarity extension
regions and the associated dots are transparent to improve the
contrast ration of the display.

In one embodiment of the present ivention, a pixel
includes a first color component with a first first-component
color dot, a second first-component color dot that 1s adjacent
to the first first-component color dot 1n a first dimension (e.g.
vertical), and a {first-first-component polarity extension
region that 1s coupled to the first first-component color dot
and the second first-component color dot. The first first-com-
ponent polarity extension region extends beyond the first
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first-component color dot and the second first-component
color dot 1n a second dimension (e.g. horizontal). The pixel
also 1ncludes a second color component that includes a {first
second-component color dot, a second second-component
color dot that 1s adjacent to the first second-component color
dot 1n the first dimension (e.g. vertical), and a first second-
component polarity extension region that extends beyond the
first second-component color dot and the second second-
component color dot. Furthermore, the first second-compo-
nent polarity extension region extends between the first first-
component color dot and the second first-component color
dot.

The pixel further includes a first switching element
coupled to the first color component and a second switching
clement coupled to the second color component. The switch-
ing elements are configured so that when the first switching
clement 1s at a first polarity (e.g. positive) the second switch-
ing 1s at a second polarity (e.g. negative). Thus, the first
second-component polarity extension region has an opposite
polarity as compared to the first first-component color dot and
the second first component color dot. Therefore, the polarity
arrangement amplifies the fringe field 1n the color dots. The
amplified fringe fields of a color dot cause the liquid crystals
inside the color dot to reorientate and tilt 1n different direction
to form multiple crystal domains.

In a second embodiment of the present invention a display
includes a first pixel and a second pixel. The first pixel
includes a first first-pixel color component that includes a first
first-pixel first-component color dot, a second first-pixel first-
component color dot adjacent to the first first-pixel first-
component color dot 1n a first dimension (e.g. vertical), and a
first first-pixel first-component polarity extension region
coupled to the first first-pixel first-component color dot and
the second first-pixel first-component color dot. The first
first-pixel first component polarity extension region extends
beyond the first first-pixel first-component color dot and the
second first-pixel first-component color dot along a second
dimension (e.g. horizontal). The second pixel includes a first
second-pixel color component that includes a first second-
pixel first-component color dot, a second second-pixel first-
component color dot adjacent to the first first-pixel first-
component color dot in the first dimension (e.g. vertical), and
a first second-pixel first-component polarity extension region
coupled to the first second-pixel first-component color dot
and the second second-pixel first-component color dot,
wherein the first second-pixel first-component polarity exten-
s1on region extends beyond the first second-pixel first-com-
ponent color dot and the second second-pixel first-component
color dot along a second dimension (e.g. horizontal). Further-
more, the first second-pixel first-component polarity exten-
s1on region extends between the first first-pixel first-compo-
nent color dot and the second first-pixel first-component color
dot. The first pixel includes a first first-pixel switching ele-
ment coupled to the first first-pixel color component. The
second pixel includes a first second-pixel switching element
coupled to the first second-pixel color component. The first
first-pixel switching element and the first second-pixel
switching element are configured to opposite polarity. Thus,
the first second-pixel first-component polarity extension
region has opposite polarity compared to the first first-pixel

first-component color dot and the second first-pixel first-

component color dot. This polarity arrangement amplifies the
fringe field in the color dots which results 1n better MVA
performance.
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The present invention will be more fully understood in
view ol the following description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a)-1(c) are three 1llustrations of a pixel of a con-
ventional single domain vertical alignment LCD.

FIG. 2 15 an illustration of a pixel of a conventional multi-
domain vertical alignment LCD.

FIGS. 3(a)-3(b) illustrate a multi-domain vertical align-
ment liquid crystal display in accordance with one embodi-
ment of the present invention.

FIGS. 4(a)-4(b) 1llustrate a pixel design in accordance with
one embodiment of the present invention.

FIG. 4{c) 1s an enlarged view of a color component in
accordance with one embodiment of the present invention.

FI1G. 4(d) 1llustrates a liquid crystal display in accordance
with one embodiment of the present invention.

FI1G. 4(e) illustrates the source lines and gate lines of a
liquid crystal display 1n accordance with one embodiment of
the present invention.

FI1G. 4(f) 1llustrates a liquid crystal display 1n accordance
with one embodiment of the present invention.

FIGS. 5(a)-5(b) illustrate a pixel design 1n accordance with
one embodiment of the present invention.

FIG. 5(c¢) 1llustrates a liquid crystal display in accordance
with one embodiment of the present invention.

FIGS. 6{(a)-6(b) 1llustrate a pixel design in accordance with
one embodiment of the present invention.

FI1G. 6(c) 1llustrates a liquid crystal display 1n accordance
with one embodiment of the present invention.

FIGS. 7(a)-7(b) 1llustrate a pixel design 1n accordance with
one embodiment of the present invention.

FIGS. 7(¢)-7(d) 1llustrate a pixel design 1n accordance with
one embodiment of the present invention.

FI1G. 7(e) 1llustrates a liquid crystal display 1n accordance
with one embodiment of the present invention.

FIG. 7(f) illustrates the source lines and gate lines of a
liquid crystal display 1n accordance with one embodiment of
the present invention.

FIGS. 8(a)-8(5) 1llustrate a pixel design in accordance with
one embodiment of the present invention.

FIGS. 8(c¢)-8(d) 1llustrate a pixel design 1n accordance with
one embodiment of the present invention.

FI1G. 8(e) 1llustrates a liquid crystal display 1n accordance
with one embodiment of the present invention.

FIGS. 9(a)-9(b) illustrate a pixel design 1n accordance with
one embodiment of the present invention.

FIGS. 9(¢)-9(d) 1llustrate a pixel design 1n accordance with
one embodiment of the present invention.

FI1G. 9(e) 1llustrates a liquid crystal display 1n accordance
with one embodiment of the present invention.

FIG. 9(/) 1llustrates the source lines and gate lines of a
liquad crystal display 1n accordance with one embodiment of
the present invention.

FIGS. 9(g)-9(%) 1llustrate a pixel design in accordance with
one embodiment of the present invention.

FIGS. 9(i)-9(j) illustrate a pixel design 1n accordance with
one embodiment of the present invention.

FI1G. 9(%) 1llustrates a liquid crystal display 1n accordance
with one embodiment of the present invention.

FIGS. 10(a)-10(d) 1llustrate a pixel design 1n accordance
with one embodiment of the present invention.

FIGS. 10(c)-10(d) illustrate a pixel design in accordance
with one embodiment of the present invention.

FI1G. 10(e) illustrates a liquid crystal display 1n accordance
with one embodiment of the present invention.

10

15

20

25

30

35

40

45

50

55

60

65

6

FIGS. 10(g)-10(/2) 1llustrate a pixel design in accordance
with one embodiment of the present invention.

FIGS. 10(i)-10(;) illustrate a pixel design 1n accordance
with one embodiment of the present invention.

FIG. 10(k) 1llustrates a liquid crystal display in accordance
with one embodiment of the present invention.

FIGS. 11(a)-11(g) illustrate color components for pixel
designs in accordance with various embodiments of the
present invention.

FIGS. 12(a)-12(b) 1llustrate a pixel design in accordance
with one embodiment of the present invention.

FI1G. 12(c) illustrates a pixel design 1n accordance with one
embodiment of the present invention.

FIGS. 13(a)-13(d) illustrate a pixel design 1n accordance
with one embodiment of the present invention.

FIG. 13(c¢) 1llustrates a liquid crystal display and the asso-
ciated source lines and gate lines 1n accordance with one
embodiment of the present invention.

DETAILED DESCRIPTION

As explained above, conventional MVA LCDs are very
expensive to manufacture due to the use of physical features,
such as protrusions or I'TO slits, for creating the multiple
domains of each pixel. However, MVA LCDs 1n accordance
with the principles of the present invention use fringe fields to
create multiple-domains and do not require the use of physi-
cal features (such as protrusions or I'TO slits) on the substrate.
Furthermore, without the requirement of physical features the
difficulty of aligning the physical features of the top and
bottom substrate 1s also eliminated. Thus, MVA LCDs 1n
accordance with the present mvention are higher yield and
less expensive to manufacture than conventional MVA LCDs.

FIGS. 3(a) and 3(b) illustrate the basic concept used 1n
accordance with the present invention to create a multi-do-
main vertical alignment liquid crystal display (MVA LCD)
300 without resorting to physical features on the substrates.
Specifically FI1G. 3 shows pixels 310, 320, and 330 in between
a first substrate 305 and a second substrate 355. A first polar-
1zer 302 1s attached to first substrate 305 and a second polar-
1zer 357 1s attached to second substrate 355. Pixel 310
includes a first electrode 311, liquid crystals 312, liquid crys-
tals 313 and a second electrode 315. Pixel 320 includes a first
clectrode 321, liquid crystals 322, liqud crystals 323 and a
second electrode 325. Similarly, pixel 330 includes a first
clectrode 331, liquad crystals 332, liquid crystals 333 and a
second electrode 335. The electrodes are typically con-
structed using a transparent conductive material such as ITO.
Furthermore, a first alignment layer 307 covers the electrodes
on first substrate 305. Similarly a second alignment layer 352
covers the electrodes on second substrate 355. Both LC align-
ment layers 307 and 352 provide a vertical LC alignment. As
explained in more detail below, electrodes 3135, 325, and 335
are held at a common voltage V_Com. Therelore, to ease
manufacturing, electrodes 315, 325, and 335 are created as a
single structure (as shown in FIGS. 3(a) and 3()). MVA LCD
300 operates pixels 310, 320, and 330 using alternating
polarities. For example, 11 the polarities of pixels 310 and 330
are positive then the polarity of pixel 320 would be negative.
Conversely, if the polarities of pixel 310 and 330 are negative
then the polarity of pixel 320 would be positive. Generally,
the polarity of each pixel would switch between frames, but
the pattern of alternating polarities 1s maintained 1n each
frame. In FI1G. 3(a), pixels 310, 320, and 330 are in the “OFF”
state, 1.e. with the electric field between the first and second
clectrodes turned off. In the “OFF” state some residual elec-
tric field may be present between the first and second elec-
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trode. However, the residual electric field 1s generally too
small to t1lt the liquid crystals.

In FI1G. 3(b), pixels 310, 320, and 330 are 1n the “ON” state.
3(b) uses “+” and “-" to denote the voltage polarity of the
clectrodes. Thus, electrodes 311, and 331 have positive volt-
age polarity and electrodes 321 has negative voltage polarity.
Substrate 355 and electrodes 315, 325, and 333 are kept at
common voltage V_com. The voltage polarity 1s defined with
respect to the V_com voltage, where a positive polarity 1s
obtained for voltages higher than V_com, and a negative
polarity 1s obtained for voltage smaller than V_com. Electric
field 327 (allustrated using field lines) between electrodes 321
and 325 causes liquid crystals 322 and liquid crystals 323 to
t1lt. In general, without protrusions or other features the tilting,
direction of the liquid crystals 1s not fixed for liquid crystals
with a vertical LC alignment layers at 307 and 352. However,
the fringe field at the edges of the pixel can influence the
tilting direction of the liquid crystals. For example, electric
field 327 between electrode 321 and electrode 325 1s vertical
around the center ol pixel 320 but 1s tilted to the left 1n the left
part of the pixel, and tiled to the right 1n the right part of the
pixel. Thus, the fringe field between electrode 321 and elec-
trode 323 cause liquid crystals 323 to tilt to the right to form
one domain and cause liquid crystals 322 to tilt to the lett to
from a second domain. Thus, pixel 320 1s a multi-domain
pixel with a wide symmetrical viewing angle

Similarly, the electric field (not shown) between electrode
311 and electrode 315 would have fringe fields that cause
liquad crystals 313 to reonientate and tilt to the right in the
right side 1 pixel 312 and cause liquid crystals 312 to tilt to
the lett 1in the left side 1n pixel 310. Stmilarly, the electric field
(not shown) between electrode 331 and electrode 335 would
have fringe fields that cause liquid crystals 333 to tilt to the
right 1n the right side 1n pixel 330 and cause liquid crystals 332
to t1lt to the left in the left side 1n pixel 330.

Alternating polarity of adjacent pixels amplifies the fringe
field effect in each pixel. Therelore, by repeating the alternat-
ing polarity pattern between rows of pixels (or columns of
pixels), a multi domain vertical alignment LCD 1s achieved
without physical features. Furthermore, an alternating polar-
ity checkerboard pattern can be used to create four domains 1n
cach pixel.

However, fringe field effects are relatively small and weak,
in general. Consequently, as pixels become larger, the fringe
ficlds at the edge of the pixels would not reach all the liquid
crystals within a pixel. Thus, 1n large pixels the direction of
tilting for the liquid crystals not near the edge of the pixels
would exhibit random behavior and would not produce a
multi-domain pixel. Generally, fringe field effects of pixels
would not be effective to control liquid crystal tilt when the
pixels become larger than 40-60 um. Therefore, for large
pixel LCDs a novel pixel division method i1s used to achieve
multi-domain pixels. Specifically, for color LCDS, pixels are
divided into color components. Each color component 1s con-
trolled by a separate switching device, such as a thin-film
transistor (TFT). Generally, the color components are red,
green, and blue. In accordance with the present invention, the
color components of a pixel are further divided into color
dots.

The polarity of each pixel switches between each succes-
stve frame of video to prevent image quality degradation,
which may result from twisting the liquid crystals 1n the same
direction 1n every frame. However, the dot polarity pattern
switching may cause other image quality issues such as
tlicker 1f all the switching elements are of the same polarity.
To mimimize flicker, the switching elements (e.g. are transis-
tors) are arranged 1n a switching element driving scheme that
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include positive and negative polarities. Furthermore, to
minimize cross talk the positive and negative polarities of the
switching elements should be arranged 1n a uniform pattern,
which provides a more uniform power distribution. Various
switching element driving schemes are used by the embodi-
ments of the present mvention. The three main switching
clement driving schemes are switching element point inver-
sion driving scheme, switching element row mversion driving
scheme, and switching element column inversion driving
scheme. In the switching element point inversion driving
scheme, the switching elements form a checkerboard pattern
ol alternating polarities. In the switching element row 1nver-
sion driving scheme, the switching elements on each row
have the same polarity; however, each switching element in
one row has the opposite polarity as compared to the polarity
of switching elements 1n adjacent rows. In the switching
clement column inversion driving scheme, the switching ele-
ments on each column have the same polarity; however, a
switching element 1n one column has the opposite polarity as
compared to the polarity of switching elements in adjacent
columns. While the switching element point inversion driving
scheme provides the most uniform power distribution, the
complexity and additional costs of switching element point
inversion driving scheme over switching element row nver-
s1on driving scheme or switching element column nversion
driving scheme may not be cost effective. Thus, most LCD
displays for low cost or low voltage applications are manu-
factured using switching element row inversion drnving
scheme while switching element point inversion driving
scheme 1s usually reserved for high performance applica-
tions.

Pixels 1in accordance with embodiments of the present
invention include various key components arranged 1n novel
arrangements to achueve high quality low cost display units.
For example, pixel can include color components, color dots,
polarity extension regions, switching elements, device com-
ponent areas, and associated dots. The device component area
encompasses the area occupied by the switching elements
and/or storage capacitor as well as the area that was used to
manufacture the switching elements and/or storage capaci-
tors. For clanty, a different device component area 1s defined
for each switching element.

Associated dots are polarized areas that are not part of the
color components. In many embodiments of the present
invention, associated dots covers the device component areas.
For these embodiments, the associated dots are manufactured
by depositing an insulating layer over the switching element
and/or storage capacitors. Followed by depositing an electri-
cally conductive layer to form the associated dot. The asso-
ciated dots are electrically connected to specific switching
clement and or other polarized components (such as color
dots). The storage capacitors are electrically connected to
specific switching element and color dot electrodes to com-
pensate and offset the capacitance change on the liquid crystal
cells during the switching-on and switching-oif processes of
the liquid crystal cells. Consequently, the storage capacitors
are used to reduce the cross-talk effects during the switching-
on and switching-oil processes of the liquid crystal cells. A
patterning mask 1s used when it 1s necessary to form the
patterned electrode for the associated dots. A color layer 1s
added to form a light shield for the associated dot. In general,
the color layer 1s black however some embodiments use dif-
terent color to achieve a desired color pattern or shading. In
some embodiments of the present invention, the color layer 1s
manufactured on top or underneath the switching element.
Other embodiments may also place a color layer on top of the
glass substrate of the display.
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In other embodiments of the present invention, the associ-
ated dot 1s an area independent of the switching elements.
Furthermore, some embodiments of the present invention,
have additional associated dots not directly related to the
switching elements. Generally, the associated dot includes an
active electrode layer such as I'TO or other conductive layer,
and 1s connected to a nearby color dot or powered 1n some
other manner. For opaque associated dots, a black matrix
layer can be added on the bottom of the conductive layer to
form the opaque area. In some embodiments of the present
invention, the black matrix can be fabricated on the ITO glass
substrate side to simplity the fabrication process. The addi-
tional associated dots improve the effective use of display
area to improve the aperture ratio and to form the multiple
liquid crystal domains within the color dots. Some embodi-
ments of the present mnvention use associate dots to improve
color performance. For example, careful placement of asso-
ciated dots can allow the color of nearby color dots to be
modified from the usual color pattern.

Furthermore, the pixels in accordance with embodiments
of the present mvention include polarity extension regions
within some of the polarized elements (e.g. color compo-
nents, color dots, and/or associated dots) of the pixel. The
polarity extension region of a first polarity extend between
color dots of a second polarity to enhance the fringe fields of
the color dots.

In general, the color dots, associated dots, and device com-
ponent areas are arranged 1n a grid pattern and are separated
from adjacent neighbors by a horizontal dot spacing HDS and
a vertical dot spacing VDS. In some embodiments of the
present invention multiple vertical dot spacings and multiple
horizontal dot spacings may be used. Each color dot, associ-
ated dot, and device component area has two adjacent neigh-
bors (e.g. color dots, associated dots, or device component
areas) 1n a first dimension (e.g. vertical) and two adjacent
neighbors 1n a second dimension (e.g. horizontal). Further-
more, two adjacent neighbors can be aligned or shifted (e.g.

see FIG. 11(g)). Each color dot has a color dot height CDH
and a color dot width CDW. Similarly, each associated dothas
an associated dot height ADH and an associated dot width

ADW. Furthermore, each device component area has device
component area height DCAH and a device component area
width DCAW. In some embodiments of the present invention,
color dots, associated dots and device component areas are
the same si1ze. However 1n many embodiments of the present
invention color dots, associated dots and device component
areas could be of different size or shapes. For example 1n
many embodiments of the present mnvention associated dots
have a smaller height than color dots.

FIGS. 4(a) and 4(b) show different dot polarity patterns of
a pixel design 410 (labeled 410+ and 410- as described
below) that can be used 1n displays having a switching ele-
ment point mversion driving scheme or a switching element
column 1nversion driving scheme. In actual operation a pixel
will switch between a first dot polarity pattern and a second
dot polarity pattern between each image frame. For clarity,
the dot polarity pattern, in which the first color dot of the first
color component has a positive polarity, 1s referred to as the
positive dot polarity pattern. Conversely, the dot polarity pat-
tern 1n which the first color dot of the first color component
has a negative polarity 1s referred to as the negative dot polar-
ity pattern. Specifically, in FIG. 4(a), pixel design 410 has a
positive dot polarity pattern (and 1s thus labeled 410+) and in
FIG. 4(b), pixel design 410 has a negative dot polarity pattern
(and 1s thus labeled 410-). Furthermore, the polarity of each
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polarized component 1n the various pixel designs are indi-
cated with “+” for positive polarity or “-” for negative polar-
ity.

Pixel design 410 has three color components CC_1, CC_2
and CC_3. Each of the three color components includes three
color dots and two polarity extension regions. For clarity, the
color dots are referenced as CD X Y, where X 1s a color
component (from 1 to3) and Y 1s a dot number (irom 1 to 3).
Similarly, the polarity extension regions are referenced as
PER_J_K, where J 1s a color component (from 1 to 3) and K
1s a region number (from 1 to 2).

Pixel design 410 also includes a switching element (refer-
enced as SE_1, SE_2, and SE_3) for each color component.
Switching elements SE_1, SE_2, and SE_3 are arranged 1n a
row. Device component areas DCA_1, DCA_2, and DCA_3
are indicated around switching element SE_1, SE_2, and
SE_3 respectively. Specifically, device component areas
DCA_1, DCA_2, and DCA_3 also form a row and are sepa-
rated by horlzontal dot spacing HDS1. First color component
CC_1 of pixel design 410 has three color dots CD_1_1,
CD_1_2, and CD_1_3 and two polarity extension reglons
PER_1_1and PER_1_2. FIG. 4(c) provides an enlarged view
of color component CC_1. In FIG. 4(c), for clarity, dashed
lines are used to illustrate a “border” between color dots and
polarity extensionregions. However, in most embodiments of
the present invention the color dots and polarity extension
regions share one continuous electrode to minimize manufac-
turing cost. However other embodiments of the present inven-
tion may use separate electrodes for each color dot and polar-
ity extension region. As shown 1n FIG. 4(c¢), the color dots of
color component CC_1 are aligned 1n a first dimension with
polarity extension regions extending beyond the color dot in
a second dimension. Specifically, the color dots are arranged
in a column with each vertically adjacent color dot separated
by a first vertical dot spacing VDS1. Color dot CD_1_1 1s
vertically adjacent to and above color dot CD_1_2 as well as
being horizontally aligned with color dot CD_1_2. Color dot
CD_1_2 1s vertically adjacent to and above color dot

CD_1_3, as well as being horizontally aligned with color dot
CD_1_3. Polanty extensionregions PER_1_1and PER_1_2

extend to the left of color dots CD 1 1, CD 1 2, and
CD_1_3. Polanty extension regions PER_1_1and PER_1_2
have arectangular shape with a height that is less than vertical
dot separation VDS1 and a width that 1s approximately one
color dot width CDW. In general, the height of polarity exten-
sionregions 1s 4-6 micrometers and the width 1s 4-6 microme-
ters less than the color dot width. For example in one embodi-
ment of the present invention, a color dot has a width of 43
micrometers, a height ol 47 micrometers and the polarity
extension regions have a width of 37 micrometers and a
height of 6 micrometers. Polarity extension region PER_1_1
1s vertically centered between color dot CD_1_1 and
CD_1_2. Polanty extension region PER_1_2 1s vertically
centered between colordots CD_1_2and CD_1_3. Returning
to FIG. 4(a), color component CC_1 1s arranged so that color
dot CD_1_3 1s horizontally aligned with device component
areca DCA_1 and vertically offset from device component
area DC_1 by a vertical dot offset VDO2 so that color dot
CD_1_3 1s vertically separated from device component area
DCA_1 by vertical dot spacing VDS2. Vertical dot offset
VDO?2 as used herein refers to the distance which causes the
“offset” dots to be vertically separated by vertical dot spacing
VDAS2 and thus 1s dependent on the color dot height, associ-
ated dot height and/or device component area height. For
example 11 the color dot height 1s equal to the associated dot
height the vertical dot offset 1s equal to the color dot height
plus the vertical dot spacing. In general, to improve the optical
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transmission of a pixel, vertical dot spacing VDS2 1s much
smaller than the color dot heights. Horizontal dot offset
HIDO1 1s used similarly for horizontal offsets1.e. so that offset
dots horizontally separated by horizontal dot spacing HDSI1.
In general, to have symmetrically amplified fringe field
elfects, the vertical dot spacing 1s equal to the horizontal dot
spacing for the color dot. “Above” and “below” denote posi-
tiomng in the plane of the page. The electrode(s) 1n color
component CC_1 1s coupled to switching element SE 1.
Generally, the electrodes and conductors are formed a trans-
parent conductive material such as I'TO (Indium Tin Oxide).

Second color component CC_2 of pixel design 410 has
three color dots CD 2 1, CD 2 2, and CD 2 3 and two
polarity extensionregions PER_2 1and PER_2 2.Thecolor
dots of color component CC_2 are also arranged 1n a column
with each adjacent color dot being separated by vertical dot
spacing VDS1. Specifically, Color dot CD_2_1 1s vertically
adjacent to and above color dot CD_2_2 as well as being
horizontally aligned with color dot CD_2 2. Color dot
CD_2 2 1s vertically adjacent to and above color dot
CD_2 3, as well as being horizontally aligned with color dot
CD_2 3. Polarity extension regions PER_2 1 and PER_2_2
extend to the left of color dots CD 2 1, CD 2 2, and
CD_2 3. Polarity extension regions PER_2 1 and PER_2_2
have a rectangular shape with a height that1s less than vertical
dot separation VDS1 and a width that 1s approximately one
color dot width CDW. Polarity extension region PER_2 1 1s
vertically centered between color dot CD_2_1 and CD_2_2.
Polarity extension region PER_2 2 1s vertically centered
between color dots CD_2_2 and CD_2_3. Color component
CC_2 1s arranged so that color dot CD_2_3 1s horizontally
aligned with device component arca DCA_2 and offset ver-
tically above device component area DCA_2 by a vertical dot
offset VDO?2 so that color dot CD_2_3 1s vertically separated
from device component area DCA_2 by vertical dot spacing
VDS2. Furthermore, color component CC_2 1s vertically
aligned with color component CC_1 and horlzontally olffset
from color component CC_1 by horizontal dot offset HDO1
so that color dot CD_2_1 1s separated from color dot CD_1_1
by horizontal dot spacing HDS1. This placement of second
color component CC_2 places polarity extension region
PER 2 1 1in between color dots CD 1 and CD 1 2 and
places polarity extension region PER_2_2 in between color
dots CD_1_2and CD_1_3. The electrode of color component
CC_2 1s coupled to switching element SE_2.

Third color component CC_3 of pixel design 410 has three
color dots CD_3_1, CD_3_2, and CD_3_3 and two polarity

extension regions PER_3_1 and PER_3_2. The color dots of
color component CC_3 are also arranged 1n a column with
cach adjacent color dot being separated by vertical dot spac-
ing VDS1. Specifically, the color dots are arranged 1n a col-
umn with each vertically adjacent color dot separated by a
first vertical dot spacing VDS1. Color dot CD_3_1 1s verti-
cally adjacent to and above color dot CD_3_2 as well as being
horizontally aligned with color dot CD_3_2. Color dot
CD_3 2 1s vertically adjacent to and above color dot
CD_3_3, as well as being horizontally aligned with color dot
CD_3_ 3. Polarity extension regions PER_3_1 and PER_3_2
extend to the left of color dots CD 3 1, CD 3 2, and
CD_3 3. Polanity extension regions PER_3_1 and PER_3_2
have a rectangular shape with a height that1s less than vertical
dot separation VDS1 and a width that 1s approximately one
color dot width CDW. Polarity extension region PER_3_1 is
vertically centered between color dot CD_3 1 and CD_3_2.

Polarity extension region PER_3 2 1s vertically centered
between color dots CD_3_2 and CD_3_3. Color component
CC_3 1s arranged so that color dot CD_3_3 1s horizontally
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aligned with device component area DCA_3 and oflset ver-
tically above device component area DCA_3 by a vertical dot
offset VDO?2 so that color dot CD_3_3 1s vertically separated
from device component area DCA_3 by vertical dot spacing
VDS2. Furthermore, color component CC_3 1s vertically
aligned with color component CC_2 and horizontally offset
from color component CC_2 by horizontal dot offset HDO1
so that color dot CD_3_1 1s separated from colordot CD_2_1
by horizontal dot spacing HDS1. This placement of color
component CC_3 places polarity extension region PER_3_1
in between color dots CD_2_1 and CD_2_2 and places polar-
ity extension region PER_3_2 in between color dots CD_2_2
and CD_2_3. The eclectrode of color component CC_3 1s
coupled to switching element SE_3.

The polarlty of the color dots, associated dots, polarlzed
extension reglons and swﬂchlng clements are Shown using
“+” and “-” signs. Thus, mn FIG. 4(a), which shows the
positive dot polarity pattern of pixel design 410+, switching
elements SE 1, and SE 3: color dots CD 1. 1, CD 1 2,
CD 1.3, CD_31, CD_3 2, and CD_3_3; and polarty
extension regions PER_1 1, PER_1_2, PER 3 1, and
PER_3_2 have positive polarlty as denoted by “+ SWltChJIlg
clement SE_2; color dots CD_2 1, CD_2_2, and CD_2_3;
and polarity extension regions PER_2_1, and PER_2_2 have
negative polarity as denoted by “-"". Device component areas
DC_1, DCA_2, and DCA_3 are not polarized.

FIG. 4(b) shows pixel design 410 with the negative dot
polarity pattern. For the negative dot polarity pattern, Switch-
ing element SE_2; color dots CD_2_1, CD_2_2, and
CD_2 3; and polarlty extension regions PER 2 1, and
PER_2 2 have positive polarity as denoted by “+ SWltcthg
elements SE_1, and SE _3: color dots CD 1.1, CD 1 2,
CD 1.3, CD_31, CD_3 2, and CD_3_3; and polarnty
extension regions PER_1 1, PER 1_2, PER 3 1, and
PER_3_3, negative polarity as denoted by “-”

As explained above Iringe fields 1n each of the color dots
are amplified 11 adjacent components have opposite polari-
ties. The present invention makes use of the polarity extension
regions (and associated dots in other embodiments as
explained below) as well as the color dots to achieve multiple
liquid crystal domains. In general, the polarities of the polar-
1zed components are assigned so that a color dot of a first
polarity has neighboring polarized components of the second
polarity. For example for the positive dot polanty pattern of
pixel design 410 (FIG. 4(a)), color dot CD_2_2 has negative
polarity. However the neighboring polarized components
(Color dots CD_1_2, and CD_3_2, and polarity extension
regions PER_3 1 and PER_3_2 have positive polarity. Thus,
the fringe field of color dot CD_2_2 1s amplified. Some color
dots such as color dot CD_2 3, have a non polarized neigh-
bor, 1.e., device component area DCA_2. However, the fringe
field of color dot CD_2 3 1s still amplified by the presence of
three neighboring polarized components having opposite
polarity. Some embodiments of the present invention (e.g. see
FIG. 5(a)) adds associated dots to the device component areas
to provide a polarized neighbor for the color dots neighboring
the device component areas. Furthermore, as explained
below, the polarity reversing scheme 1s carried out at the
display level as well so that the color dot of another pixel that

1s placed next to color dot CD_1_2 would have negative
polarity (see FI1G. 4(d)).

Pixels using pixel design 410 of FIGS. 4(a) and 4(b) can be
used 1n displays using switching element column inversion
driving schemes or switching element point inversion driving
scheme. FIG. 4(d) shows a portion of display 420 using pixels
P(0, 0), P(1, 0), P(0, 1), and P(1, 1) of pixel design 410 with
a switching element column inversion driving scheme. For
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clarnity, the gate lines and source lines that power the switch-
ing elements are omitted i FIG. 4(d). Gate lines and source
lines are 1llustrated 1n FI1G. 4(e). Furthermore, to better 1llus-
trate each pixel, the area of each pixel 1s shaded; this shading
1s only for illustrative purposes i FIG. 4(d) and has no func-
tional significance. In the displays presented herein, a pixel
P(x, v) 1s 1n the x-th column (from the leit and the y-th row
starting from the bottom, with pixel P(0, 0) being the bottom
left corner. In display 420 the pixels are arranged so that all
pixels 1n a column have the same dot polanty pattern (positive
or negative) and each successive column should alternate
between positive and negative dot polarity pattern. Thus,
pixels P(0, 0) and P(0, 1) 1n the first column have positive dot
polarity pattern and pixels P(1, 0) and P(1, 1) 1n the second
column have the negative dot polarity pattern. However, at the
next frame the pixels will switch dot polanity patterns. Thus in
general a pixel P(x, y) has a first dot polarity pattern when x
1s even and a second dot polarity pattern when x 1s odd.
Furthermore, 1n each row of pixels the polarity extension
regions of the first color component are placed 1n between the
color dots of the third color component of an adjacent pixel.
Thus, a close examination of display 420 shows that it a color
dot has a first polarity, any neighboring polarized components
have a second polarity. For example, Color dot CD_3_2 of
pixel P(0, 1) has positive polarity while, color dot CD_2_2 of
pixel P(0, 1), polarity extension regions PER_1_1 and PER
1_2 of pixel P(1, 1), and color dot CD_1_2 of pixel P(1, 1)
have negative polarity. Device component areas serve as a
non-polarized buflers between the rows of pixels. For
example, both color dot CD_1_3 of pixel P(0, 1) and color dot
CD_1_1 of pixel P(0, 0) have the positive polarity. However,
the presence of non polarized device component area DCA_1
of pixel P(0, 1) prevents degradation of the fringe fields of the
color dots. In a particular embodiment of the present mnven-
tion, each color dot has a width of 43 micrometers and a
height of 47 micrometers. Each polarity extension region has
a width o1 37 micrometers and a height of 6 micrometers. The
horizontal and vertical dot spacing 1s 4 micrometers.

FI1G. 4(e) 1llustrates the same portion of a display 420 as
FIG. 4(d) (1.e., pixels P(0, 0), P(1, 0), P(0, 1), and P(1, 1).
However, FI1G. 4(e) emphasizes the gate and source lines and
thus for clanity some pixel details (such as color dot refer-
ences and polarity which are shown in FI1G. 4(d)) are omitted
in FIG. 4(e). To better 1llustrate each pixel, the area of each
pixel 1s shaded; this shading 1s only for illustrative purposes in
FIG. 4(e) and has no functional significance. FIG. 4(e) 1s
drawn showing source limes (S_0_1,S_ 0.2, S 0.3, 5 1 1,
S 1 2, and S_1_3,) and gate lines (G_0, G_1 and G_2). In
general, asource line S_X_ 7 and gateline G_Y 1s used for the
color component CC_Z of pixel P(X,Y). The source terminal
of a transistor 1s coupled to a source line and the gate terminal
of the transistor 1s coupled to a gate line. The drain terminal of
the transistor 1s coupled to the electrode of the various color
components. For clarity, transistors, which are used as the
switching elements 1n display 420, are referenced as transis-
tor T(S_X_7, G_Y) where S_X_Z 1s the source line coupled
to the transistor and G_Y 1s the gate line coupled to the
transistor. Thus transistor 451 1n FIG. 4(e) 1s referenced
herein as transistor T(S_1_3, G_1) because the source termi-
nal of transistor 451 1s coupled to source line S_1_3 and the
gate terminal of transistor 451 1s coupled to gate line G_1.
Each transistor 1s located within a device component area.
Specifically, a transistor T(S_X_7, G_Y) 1s located within
device component area DCA_Z of pixel P(X, Y). Electrode
connections are drawn 1n bold lines. Thus for example in pixel
P(0, 1), which 1s controlled by gate line G_1 and source lines
S 01, S 02 and S 0 3, the drain terminal of transistor
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T(S_0_1, G_1) 1s coupled to the electrode(s) of color com-
ponent CC_1. Similarly, the drain terminal of transistor
T(S_0_2, G_1) 1s coupled to the electrode(s) of color com-
ponent CC_2 and the drain terminal of transistor T(S_0_3,
(G_1)1s coupled to the electrode(s) of color component CC_3.
Furthermore, the gate terminals of transistors T(S_0_1, G_1),
T(S_0_2,G_1), and T(SO_3, G_1) are coupled to gate line
(G_1 and the source terminals of transistors T(S_0_1, G_1),
T(S_0_2, G_1), and T(SO_3, G_1) are coupled to source
lines S_0_1, S_0_2, and S_0_3, respectively. Similarly, the
components of pixel P(1,1) are coupled to gate line G_1 and
source lines S_1_1,5_1 2, and S_1_3. The components of
pixel P(0, 0) are coupled to gate line G_0 and source lines
S 0_1,S_0_2,and S_0_3; and the components of pixel P(1,
0) are coupled to gate line G_0 and source lines S_1_1,
S 1 2, and S_1_3.

Each gate line extends from the left side of display 420 to
the right side and controls all the pixels on one row of display
420. Display 420 has one gate line for each row of pixels.
Each source line runs from the top to the bottom of display
420. Display 420 has three times the number of source lines as
the number of pixels on each row (i.e. one source line for each
color component of each pixel 1n a row of pixels). During
operation only one gate line 1s active at a time. All transistors
in the active row are rendered conductive by a positive gate
impulse from the active gate line. Transistors in other rows are
blocked by grounding the non-active gate lines. All source
lines are active at the same time and each source line provides
video data to one transistor on the active row (as controlled by
the active gate line). Therefore, gate lines are often called bus
lines and source lines are often called data lines due to the way
the gate lines and source lines operate. The voltage charges
the electrode of the color component to create a desired gray
scale level (color 1s provided by color filters). When inactive,
the electrodes of the color dot are electrically 1solated and
thus can maintain the field to control the liquid crystals.
However, parasitic leakage 1s unavoidable and eventually the
charge will dissipate. For small screens with fewer rows, the
leakage 1s not problematic because the row 1s “refreshed”
quite often. However, for larger displays with more rows there
1s a longer period between refreshes. Thus, some embodi-
ments of the present invention include one or more storage
capacitors for each color dot. The storage capacitors are
charged with the electrodes of the color dots and provides a
“maintenance” charge while the row 1s 1mactive. Generally,
the data lines and bus lines are manufactured using an opaque
conductor, such as Aluminum (Al) or Chromium (Cr).

FIG. 4(f) shows a portion of display 430 using pixels P(O0,
0), P(1, 0), P(0O, 1), and P(1, 1) of pixel design 410 with a
switching element point inversion driving scheme. Because
the gate line and source line connections of display 430 would
be 1dentical to the gate line and source line connections of
display 420 as shown 1n FIG. 4(e), the gate lines and source
lines that power the switching elements are omitted 1n FIG.
4(f). To better 1llustrate each pixel, the area of each pixel 1s
shaded; this shading i1s only for illustrative purposes 1n FIG.
4(f) and has no functional significance. In display 430 the
pixels should be arranged 1n a checkerboard pattern of dot
polarity patterns. Thus, pixels P(0, 0) and P(1, 1), have the
positive dot polarity pattern and pixels P(0, 1) and P(1, O) have
the negative dot polarity pattern. Thus, 1n FIG. 4(f) a pixel P(x,
y) has the negative dot polarity pattern 1f X plus y 1s an odd
number. Conversely, pixel P(X, y) has the positive dot polarity
pattern if x plus y 1s an even number. However, at the next
frame the pixels will switch dot polarity patterns. Thus, more
generally, a MVA LCD using the pixel designs of FIGS. 4(a)

and 4(b) with switching element point 1nversion driving
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scheme has a first set of pixels having a first dot pol
pattern and a second set of pixels having a second dot polarity
pattern. The first set of pixels and the second set of pixels are
arranged 1n a checkerboard pattern. Furthermore, 1n each row
ol pixels the polarity extension regions of the first color com-
ponent are placed 1n between the color dots of the third color
component of an adjacent pixel. Thus, a close examination of
display 430 shows that 11 a color dot has a first polarity, any
neighboring polarized components have a second polarity.
For example, Color dot CD_3_2 of pixel P(0, 1) has negative
polarity while, color dot CD_2_2 of pixel P(0, 1), polarity
extensionregions PER_1_1and PER1_2 ofpixel P(1,1),and
colordot CD_1_2 of pixel P(1, 1) have positive polarity. In a
particular embodiment of the present invention, each color
dot has a width of 43 micrometers and a height of 47
micrometers. Each polarity extension region has a width o137
micrometers and a height of 6 micrometers. The horizontal
and vertical dot spacing 1s 4 micrometers.

FIGS. 5(a) and 5(b) show the positive and negative dot
polarity patterns of a pixel design 510. The layout of pixel
design 510 1s nearly 1dentical to pixel design 410. Thus for
brevity only the differences are described. Specifically, in
pixel design 510, the device component areas are replaced by

associated dots (as described above). Thus, device compo-
nents DCA_1, DCA_2, and DCA_3 of pixel design 410 are
replaced by associated dots AD_1, AD_2, and AD_3, respec-
tively. As explamned above, polarized components should
have opposite polarity as compared with a neighboring color
dot. Thus, associated dots AD 1, AD_ 2, and AD_3 should
have opposite polarity as compared with color dots CD_1_3,
CD_2 3,and CD_3_3.

Thus 1n FIG. 5(a), which shows the positive dot polarity
pattern of pixel design 510+, switching elements SE_1, and
SE_3; color dots CD_1_1, CD_1_2, CD_1_3, CD31
CD_ 3 _2,and CD_3_3; polarlty extension regions P :R_l_l,,
PER 1 2,.PER 3 1, andPJR 32 andassoc:latedc,otAD_Z
have positive polanty as denoted by “+”. Switching element
SE_2; color dots CD_2_1, CD_2_2, and CD_2_3; polarity
extension regions PER_2_1, and PER_2_2, and assoc1ated
dots AD_1 and AD_3 have negative polarity as denoted by
“~7. To receive negative polarity, the electrode of associated
dot AD_1 1s coupled to switching element SE_2 via the elec-
trode of color component CC_2. Similarly, the electrode of
associated dot AD_2 1s coupled to switching element SE_3
via the electrode of color component CC_3 to receive positive
polarity. Associated dot AD_3 would be coupled to a source
of having opposite polarity to color dot CD_3_3. In many
embodiments of the present invention, a polarity source 1n
another pixel 1s used to provide the necessary polarity. For
example, 1n a display using pixel design 510, the color dot
next to color dot CD_3_3 would have an opposite polarity as
compared to color dot CD_3_3, Thus, the electrode of asso-
ciated dot AD_3 could be coupled to the electrode of the color
dot next to color dot CD_3_3. For clarity, this connection 1s
illustrated by I'TO connector 512.

In FIG. 5(b), which shows the negative dot polarity pattern
of pixel design 510—-, switching elements SE_1, and SE_3;
color dots CD_1_1,CD_1_2,CD_1_3, CD_3_1, CD_3_2,
and CD_3_3; polanty extension regions P_JR 11,
PER 1 2, PER 3 1,andPER_3 2, and associateddotAD 2
have negative polarlty as denoted by “~7, Switching element
SE_2; color dots CD_2_1, CD_2_ 2, and CD_2_3; polarity
extension regions PER_2 1, and PER_2_2, and associated
dots AD_1 and AD_3 have positive polarity as denoted by
“47,

FI1G. 5(c) shows a portion of display 520 using pixels P(O,

0), P(1, 0), P(O, 1), and P(1, 1) of pixel design 510 with a

arity
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switching element column i1nversion driving scheme.
Because the gate line and source line connections of display
520 would be 1dentical to the gate line and source line con-
nections of display 420 as shown 1n FIG. 4(e), the gate lines
and source lines that power the switching elements are omit-
ted 1n FIG. 5(¢). To better 1llustrate each pixel, the area of each
pixel 1s shaded; this shading 1s only for illustrative purposes in
FIG. 5(c) and has no functional significance. In display 520
the pixels are arranged so that all pixels 1n a column have the
same dot polarity pattern (positive or negative) and each
column should alternate between positive and negative dot
polarity pattern. Thus, pixels P(0, 0) and P(0, 1) 1n the first
column have positive dot polarity pattern and pixels P(1, 0)
and P(1, 1) 1n the second column have negative dot polarity
pattern. However, at the next frame the pixels will switch dot
polarity patterns. Thus in general a pixel P(x, v) has a first dot
polarity pattern when x 1s even and a second dot polarity
pattern when x 1s odd. Furthermore, 1n each row of pixels the
polarity extension regions of the first color component are
placed 1n between the color dots of the third color component
of an adjacent pixel. Thus, a close examination of display 520
shows that 11 a color dot has a first polarity, any neighboring
polarized components have a second polarity. For example,
Color dot CD_3_2 of pixel P(0, 1) has positive polarity while,
color dot CD_2_2 of pixel P(0, 1), polarity extension regions
PER_1 1and PER1_2ofpixel P(1,1),andcolordotCD_1_2
of pixel P(1, 1) have negative polarity. As compared to display
420 (FIG. 4(d)) the polarized associated dots replace the non
polarized device component areas to further enhance the
fringe fields of the color dots near the associated dots. For
example, the fringe fields of both color dot CD_1_3 of pixel
P(0, 1) and color dot CD_1_1 of pixel P(0, 0) are amplified by
the polarization of associated dot AD_1 of pixel P(0, 1). In a
particular embodiment of the present mnvention, each color
dot has a width of 43 micrometers and a height of 47
micrometers. Each associated dot has a width of 43 microme-
ters and a height of 39 micrometers. The horizontal and ver-
tical dot spacing 1s 4 micrometers.

FIGS. 6(a) and 6(b) show the positive and negative dot
polarity patterns of a pixel design 610. The layout of pixel
design 610 1s nearly i1dentical to pixel design 410. Thus for
brevity only the differences are described. Specifically, in
pixel design 610, each of the device component areas are
replaced by two associated dots. Thus, device component
area DCA_1 1s replaced by associated dot AD_1 1 and
AD _1_2;device component areca DCA_2 1s replaced by asso-
cliateddots AD_2 1 andAD_2_2, and device component area
DCA_3 1sreplaced by associated dots AD_3_1and AD_3 2.
Specifically, associated dots AD_1_1,AD 2 1,and AD_3_1
form a row and encompass switching elements SE_1, SE_2,
and SE_3, respectively. Associated dots AD_1_2, AD 2 2,
and AD_3_2, are horizontally aligned with and located above
associated dots AD_1_1, AD 2 1, and AD_3_1, respec-
tively.

As explained above, polarized components should have
opposite polarity as compared with a neighboring color dot.
Thus, associated dots AD 1 2, AD 2 2. and AD 3 2 should
have opposite polarity as compared with color dots CD_1_3,
CD_2 3,and CD_3_3, respectively. As will be made clear 1n
FIG. 6(c), the polarity of associated dots AD_1_1, AD 2 1,
and AD_3_1 should be opposite of the polarity of associated
dots AD 1 2, AD 2 2, and AD_3 2, respectively.

Thus, 1 FIG. 6(a), which shows the positive dot polarity
pattern of pixel design 610+, switching elements SE_1, and

SE_3; color dots CD_1_1, CD_1_2, CD_1_3, CD_3 1,
CD 3_2 and CD_3_3; polarlty extension reglonstR 11,
PER_1_2, PER_3 1, and PER_3_2, and associated dot
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AD 1 1, AD_2 2, and AD_3_1 have positive polarity as
denoted by “+”. Switching element SE_2; color dots
CD 2 1,CD_2_ 2, and CD_2_3; polanty extension regions
PER_2 1 and PER_2 2, and associated dots AD_1_2,

AD 2 1,and AD_3_2 have negative polarity as denoted by

In FIG. 6(b), which shows the negative dot polarity pattern
of pixel design 610-, switching elements SE_1, and SE_3;
color dots CD_1_1, CD_1_2, CD_1_3, CD_3 1 CD_3 2,
and CD_3_3; polanty extension regions PER_1_1,
PER_1_2, PER 3 1, and PER_3_2, and associated dots
AD 11, AD 2 2, AD 3 1 have negative polarity as
denoted by “-”. Switching element SE_2; color dots
CD_ 2 1,CD_2 2, and CD_2_3; polarity extension regions
PER_2 1 and PER_2_2, and associated dots AD_1_2,
AD 2 1 and AD _3_2 have positive polarity as denoted by
“47,

To receive the proper polarity, the electrode of associated
dotAD_1_21s coupled to a polarity source from another pixel
as represented by I'TO connector 612. The electrode of asso-
ciated dots AD 1 1, AD 2 1, and AD_3_1 are coupled
directly to switching elements SE_1, SE_2, and SE_3,
respectively. The electrode of associated dot AD 2 2 1s
coupled to switching element SE_1 via the electrode of asso-
ciated dot AD_1_1. Similarly, the electrode of associated dot
AD_3_2 is coupled to switching element SE_2 via the elec-
trode of associated dot AD 2 1.

FIG. 6{c) shows a portion of display 620 using pixels P(0O,
0), P(1, 0), P(0, 1), and P(1, 1) of pixel design 610 with a
switching element point inversion driving scheme. Because
the gate line and source line connections of display 620 would
be 1dentical to the gate line and source line connections of
display 420 as shown 1n FIG. 4(e), the gate lines and source
lines that power the switching elements are omitted in FIG.
6(c). To better 1llustrate each pixel, the area of each pixel 1s
shaded; this shading 1s only for illustrative purposes in FIG.
6(c) and has no functional significance. In display 620 the
pixels should be arranged 1n a checkerboard pattern of dot
polarity pattern. Thus, pixels P(0, 0)and P(1, 1), have positive
dot polarity pattern and pixels P(0, 1) and P(1, O) have nega-
tive dot polarity pattern. Thus, 1n FIG. 6(c) a pixel P(x, y) has
the negative dot polarity pattern 1f X plus y 1s an odd number.
Conversely, pixel P(X, y) has the positive dot polarity pattern
if X plus v 1s an even number. However, at the next frame the
pixels will switch dot polanty patterns. Furthermore, 1n each
row of pixels the polarity extension regions of the first color
component are placed 1n between the color dots of the third
color component of an adjacent pixel. Thus, a close exami-
nation of display 620 shows that if a color dot has a first
polarity, any neighboring polarized components have a sec-
ond polarity. For example, Color dot CD_3_2 of pixel P(0, 1)
has positive polarity while, color dot CD_2_2 ofpixel P(0, 1),
polarity extension regions PER_1_1 and PER 1_2 of pixel
P(1, 1), and color dot CD_1_2 of pixel P(1, 1) have negative
polarity. As compared to display 430 (FIG. 4(f)) the polarized
associated dots replace the non polarized device component
areas and further enhance the fringe fields of the color dots
near the associated dots. For example, the fringe fields of both
color dot CD_1_3 of pixel P(0, 1) 1s amplified by the polar-
ization of associated dot AD_1_2 of pixel P(0, 1). Similarly,
the fringe field of color dot CD_1_1 of pixel P(0, 0) 1s ampli-
fied by the polarization of associated dot AD_1_1 of pixel
P(0, 1). In a particular embodiment of the present invention,
cach color dot has a width of 43 micrometers and a height of
4’7 micrometers. Each associated dot has a width of 43
micrometers and a height of 39 micrometers. The horizontal
and vertical dot spacing 1s 4 micrometers.
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FIGS. 7(a)-7(d) 1llustrate novel pixel designs that are used
together 1n accordance with one embodiment of the present
invention. The color components of the pixels in FIGS. 7(a)-
7(d) are oifset vertically to allow color components of mul-
tiple pixels to be interleaved. Specifically, FIGS. 7(a) and 7(b)
show different dot polarnty patterns of a pixel design 710
(labeled 710+ and 710- as described below) that are well
suited for displays using a switching element row 1nversion
driving scheme. Specifically, in FIG. 7(a), pixel design 710
has a positive dot polarity pattern (and 1s thus labeled 710+)
and 1n FIG. 7(b), pixel design 710 has a negative dot polarity
pattern (and 1s thus labeled 710-).

Pixel design 710 has three color components CC_1, CC_2,
and CC_3. Each of the three color components 1s divided into
three color dots and two polarity extension regions. In addi-
tion, pixel design 710 includes three switching elements
SE_1,SE_2, and SE_3, which are arranged sequentially on a
row. Switching elements SE_1, SE_2, and SE_3 are encom-
passed by device component arcas DCA_1, DCA_2, and
DCA_3, respectively.

In pixel design 710, the switching elements are arranged so
that device component area DCA_1 1s separated from device
component area DCA_2 by a horizontal dot spacing HDS1.
Similarly, device component area DCA_2 1s separated from
device component area DCA_3 by horizontal dot spacing
HDSI.

Color component CC_1 of pixel design 710 has three color
dotsCD_1_1,CD_1_2,and CD_1_3 and two polarity exten-
sion regions PER_1_1 and PER_1_2. The color dots of color
component CC_1 are arranged 1n a column with each adja-
cent color dot separated by vertical dot spacing VDS1. Spe-
cifically, colordot CD_1_1 1s vertically adjacent to and above
color dot CD_1_2, which is vertically adjacent to and above
color dot CD 1 3. In addition, colordotsCD 1 1,CD 1 2,
and CD_1_3 are hornizontally aligned. Polarity extension
regions PER_1_1 and PER_1_2 extend to the left of color
dots CD_1_1, CD_1_2, and CD_1_3. Specifically, polarity
extension regions PER_1_1 and PER_1_2 have a rectangular
shape with a height that 1s less than vertical dot separation
VDS1 and a width that 1s approximately one color dot width
CDW. Polarity extension region PER_1_1 1s vertically cen-
tered between colordotCD_1_1and CD_1_2. Polanty exten-
sion region PER_1_2 1s vertically centered between color
dots CD_1_2 and CD_1_3. Color component CC_1 1s
arranged so that color dot CD_1_3 is horizontally aligned
with device component area DCA_1 and offset vertically
above device component area DCA_1 by a vertical dot offset
VDO2 so that color dot CD_1_3 1s vertically separated from
device component area DCA_1 by vertical dot spacing
VDAS2. The electrode(s) in color component CC_1 1s coupled
to switching element SE_1.

Second color component CC_2 of pixel design 710 has
three color dots CD 2 1, CD 2 2, and CD 2 3 and two
polarity extensionregions PER_2 1and PER_2 2.The color
dots of color component CC_2 are arranged 1n a column with
cach adjacent color dot separated by vertical dot spacing
VDS1. Specifically, color dot CD_2 1 1s vertically adjacent
to and above color dot CD_2_2, which 1s vertically adjacent
to and above color dot CD_2 3. In addition, color dots
CD_ 1.1, CD_1_2, and CD_1_3 are honizontally aligned.
Polarity extension regions PER_2_1 and PER_2_2 extend to
the left of color dots CD_2 1, CD_2 2, and CD_2_3. Spe-
cifically, polarity extension regions PER_2_1 and PER_2_2
have arectangular shape with a height that1s less than vertical
dot separation VDS1 and a width that 1s approximately one
color dot width CDW. Polarity extension region PER_2_1 1s
vertically centered between color dot CD_2_ 1 and CD_2_2.
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Polarity extension region PER_2 2 1s vertically centered
between color dots CD_2_2 and CD_2_3. Color component
CC_2 1s arranged so that color dot CD_2_1 1s horizontally
aligned with device component area DCA_2 and offset ver-
tically below device component area DCA_2 by a vertical dot
offset VDO?2 so that color dot CD_2_1 1s vertically separated
from device component area DCA_2 by vertical dot spacing
VDAS2. The electrode of color component CC_2 1s coupled to
switching element SE_2.

Third color component CC_3 of pixel design 710 has three
color dots CD_3_1, CD_3_2, and CD_3_3 and two polarity

extension regions PER_3_1 and PER_3_2. The color dots of
color component CC_3 are arranged 1n a column with each
adjacent color dot separated by vertical dot spacing VDSI1.
Specifically, color dot CD_3_1 1s vertically adjacent to and
above color dot CD_3_2, which 1s vertically adjacent to and
above color dot CD_3 3. In addition, color dots CD 1 1,
CD_1_2, and CD_1_3 are honizontally aligned. Polarity
extension regions PER_3_1 and PER_3 2 extend to the left
of color dots CD_3_1, CD_3_2, and CD_3_3. Specifically,
polarity extension regions PER_3_1 and PER_3_2 have a
rectangular shape with a height that is less than vertical dot
separation VDS1 and a width that 1s approximately one color
dot width CDW. Polarity extension region PER_3_1 1s verti-
cally centered between color dot CD_3_1 and CD_3 2.
Polarity extension region PER_3 2 1s vertically centered
between color dots CD_3_2 and CD_3_3. Color component
CC_3 1s arranged so that color dot CD_3_3 1s horizontally
aligned with device component area DCA_3 and offset ver-
tically above device component area DCA_3 by a vertical dot
offset VDO?2 so that color dot CD_3_3 1s vertically separated
from device component area DCA_3 by vertical dot spacing
VDAS2. The electrode of color component CC_3 1s coupled to
switching element SE_3.

In pixel design 710, all the color dots have the same polar-
ity for each dot polanty pattern. Thus, 1n FIG. 7(a), which
shows the positive dot polarity pattern, switching elements
SE_1,SE_2, and SE_3, all the color dots, and all the polarity

extension regions have positive polarity. Conversely, in FIG.
7(b), which shows the negative dot polarity pattern, elements
SE_1,SE_2, and SE_3, all the color dots, and all the polarity

extension regions have negative polarity. Device component
arecas DCA_1, DCA_2, and DCA_3 are not polarized.
FIGS. 7(c) and 7(d) show different dot polarity patterns of
a pixel design 720 (labeled 720+ and 720- as described
below) that are well suited for displays using a switching
clement row 1nversion driving scheme. Specifically, in FIG.

7(c), pixel design 720 has a positive dot polarity pattern (and
1s thus labeled 720+) and 1 FIG. 7(d), pixel design 720 has a

negative dot polarity pattern (and 1s thus labeled 720-).

Pixel design 720 has three color components CC_1, CC_2,
and CC_3. Each of the three color components 1s divided into
three color dots and two polarity extension regions. In addi-
tion, pixel design 720 includes device component areas
(DCA_1, DCA_2, and DCA_3) for each color component.
Switching elements SE_1, SE_2, and SE_3 (one for each
color component) are located within device component areas
DCA_1, DCA_2, and DCA_3, respectively.

In pixel design 720, device component arcas DCA_1,
DCA_2, and DCA_3 are arranged sequentially on a row.
Device component areca DCA_1 1s separated from device
component area DCA_2 by a horizontal dot spacing HDS1.
Similarly, device component areca DCA_2 1s separated from
device component area DCA_3 by horizontal dot spacing
HDS1. Switching elements SE_1, SE_2, and SE_3 are posi-
tioned within device component areas, DCA_1, DCA_2, and
DCA_3, respectively.
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Color component CC_1 of pixel design 720 has three color
dotsCD_1_1,CD_1_2,and CD_1_3 and two polarity exten-
sion regions PER_1_1 and PER_1_2. The color dots of color
component CC_1 are arranged 1n a column with each adja-
cent color dot separated by vertical dot spacing VDS1. Spe-
cifically, colordot CD_1_11s vertically adjacent to and above
color dot CD_1_2, which is vertically adjacent to and above
color dot CD 1 3. In addition, colordotsCD 1 1,CD 1 2,
and CD_1_3 are horizontally aligned. Polarity extension
regions PER_1_1 and PER_1_2 extend to the left of color
dots CD_1_1, CD_1_2, and CD_1_3. Specifically, polarity
extension regions PER_1_1 and PER_1_2 have a rectangular
shape with a height that 1s less than vertical dot separation
VDS1 and a width that 1s approximately one color dot width
CDW. Polarity extension region PER_1_1 1s vertically cen-
tered between colordotCD_1_1and CD_1_2. Polanty exten-
sion region PER_1_2 1s vertically centered between color
dots CD_1_2 and CD_1_3. Color component CC_1 1s
arranged so that color dot CD_1_1 i1s hornizontally aligned
with device component area DCA_1 and offset vertically
below device component area DCA_1 by a vertical dot offset
VDO2 so that color dot CD_1_1 1s vertically separated from
device component area DCA_1 by vertical dot spacing
VDAS2. The electrode(s) in color component CC_1 1s coupled
to switching element SE_1.

Second color component CC_2 of pixel design 720 has
three color dots CD 2 1, CD 2 2, and CD 2 3 and two
polarity extensionregions PER_2 1and PER_2_2.The color
dots of color component CC_2 are also arranged 1n a column
with each adjacent color dot being separated by vertical dot
spacing VDS1. Specifically, color dot CD_2 1 1s vertically
adjacent to and above color dot CD_2_2, which 1s vertically
adjacent to and above color dot CD_2_3. In addition, color
dots CD_1_1, CD_1_2, and CD_1_3 are honzontally
aligned. Polarity extension regions PER_2 1 and PER_2_2
have arectangular shape with a height that1s less than vertical
dot separation VDS1 and a width that 1s approximately one
color dot width CDW. Polarity extension region PER_2_1 1s
vertically centered between color dot CD_2_ 1 and CD_2_2.
Polarity extension region PER_2 2 1s vertically centered
between color dots CD_2_2 and CD_2_3. Color component
CC_2 1s arranged so that color dot CD_2_3 1s horizontally
aligned with device component area DCA_2 and oflset ver-
tically above device component area DCA_2 by a vertical dot
offset VDO?2 so that color dot CD_2_3 1s vertically separated
from device component area DCA_2 by vertical dot spacing
VDAS2. The electrode of color component CC_2 1s coupled to
switching element SE_2.

Third color component CC_3 of pixel design 720 has three
color dots CD_3 1, CD_3_2, and CD_3_3 and two polarity
extension regions PER_3_1 and PER_3_2. The color dots of
color component CC_3 are also arranged 1n a column with
cach adjacent color dot being separated by vertical dot spac-
ing VDS1. Specifically, color dot CD_3_1 1s vertically adja-
cent to and above color dot CD_3_2, which 1s vertically
adjacent to and above color dot CD_3_3. In addition, color
dots CD_1_1, CD_1_2, and CD_1_3 are horizontally
aligned. Polarity extension regions PER_3_1 and PER_3_2
extend to the left of color dots CD 3 1, CD 3 2, and
CD_3 3. Specifically, polarity extension regions PER_3_1
and PER_3 2 have a rectangular shape with a height that 1s
less than vertical dot separation VDS1 and a width that 1s
approximately one color dot width CDW. Polarity extension
region PER_3_1 1s vertically centered between color dot
CD_3 1 and CD_3_2. Polarity extension region PER_3_2 is
vertically centered between color dots CD_3_2 and CD_3_3.
Color component CC_3 1s arranged so that colordot CD_3_1
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1s horizontally aligned with device component area DCA_3
and offset vertically below device component area DCA_3 by
a vertical dot offset VD2 so that color dot CD 3 1 1s verti-
cally separated from device component area DCA_3 by ver-
tical dot spacing VDS2. The electrode of color component
CC_3 1s coupled to switching element SE_3.

In pixel design 720, all the color dots have the same polar-
ity for each dot polarity pattern. Thus, in FIG. 7(c), which
shows the positive dot polarity pattern, switching elements
SE 1, SE 2, and SE_3, all of the color dots, and all of the
polarity extension regions have positive polarity. Conversely,
in FI1G. 7(d), which shows the negative dot polarity pattern,
elements SE 1, SE 2. and SE_3, all of the color dots, and all
of the polarity extension regions have negative polarity.
Device component arecas DCA_1, DCA_2, and DCA_3 are
not polarized.

FI1G. 7(e) shows a portion of a display 750 that combines
pixels using pixel designs 710 and pixel design 720. For
clanity, the gate lines and source lines that power the switch-
ing elements are omitted 1n FIG. 7(e). Gate line and source
line connections for display 750 are shown 1n FIG. 7(f). To
better 1llustrate each pixel, the area of each pixel 1s shaded;
this shading 1s only for illustrative purposes in FIG. 7(e) and
has no functional significance. Each row of display 750 has
alternating pixels of pixel design 710 and pixel design 720.
For example 1n row 0, pixel P(0,0) uses pixel design 710 and
pixel P(1,0) uses pixel design 720. Pixel P(2,0) (not shown)
would use pixel design 710. Stmilarly, 1n row 1, pixel P(0,1)
uses pixel design 710 and pixel P(1,1) uses pixel design 720,
and pixel P(2, 1) (not shown) uses pixel design 710. Within a
row the device component area ol adjacent pixels are verti-
cally aligned and horizontally separated by one horizontal dot
spacing HDS1 (not labeled in FIG. 7(e)). The rows in display
750 are horizontally aligned and vertically interleaved so
polarity enhancement regions of one pixel 1s placed in
between color dots of another pixel. For example, polarity
enhancement region P_2 1 of pixel P(0, 1) 1s located 1n
between color dots CD_1_1 and CD_1_2 of pixel P(0, 0).
Similarly, polarity extension region PER_3_1 of pixel P(0, 0)
1s located between color dots CD_2 1 and CD_2_2 of pixel
P(0, 1).

All the pixels on a row have the same polarity. However,
alternating rows have different polarities. Thus for example,
the pixels ol row 0 are shown with positive dot polarity pattern
while the pixels of row 1 are shown with negative dot polarity
pattern. In the next frame the pixels of row 0 would have
negative dot polarity pattern while the pixels of row 1 would
have positive dot polarity pattern. In general, pixels 1n even-
numbered rows have a first dot polarity pattern and pixels in
odd-numbered rows have a second dot polarity pattern. This
arrangement of row polarity 1s an example of switching ele-
ment row mversion driving scheme, which 1s often referred to
as stmply “row inversion.” In general a pixel P(X,Y) 1n dis-
play 750 uses pixel design 710 where X 1s even and uses pixel
design 720 where X 1s odd. Furthermore, pixel P(X,Y) has a
first dot polarity pattern when Y 1s even and a second dot
polarity pattern when 'Y 1s odd. In a particular embodiment of
the present invention, each color dot has a width of 43
micrometers and a height of 47 micrometers. Each device
component area has a width of 43 micrometers and a height of
39 micrometers. The horizontal and vertical dot spacing 1s 4
micrometers.

As 1llustrated 1 FIG. 7(e), using the pixel designs
described above, the color dots of display 750 have opposite
polarity as compared to neighboring polarized components.
Thus, the fringe fields 1in each color dot are amplified to
produce multiple liquid crystal domains. Because each row of
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switching elements have the same polarity, while alternating
rows of switching elements of opposite polarity, display 750
uses a switching element row inversion driving scheme.

FIG. 7(f) i1llustrates the same portion of a display 750 as
FIG. 7(e) (1.€., pixels P(0, 0), P(1, 0), P(0, 1), and P(1, 1). In
addition, FIG. 7(f) includes portions of pixels P(0, 2) and P(1,
2). FIG. 7(f) emphasizes the gate and source lines of display
750 and thus for clanty some pixel details (such as color dot
references and polarity which are shown 1n FIG. 7(e)) are
omitted in FIG. 7(f). Furthermore, the area of each pixel 1s
shaded; this shading 1s only for illustrative purposes in FIG.
7(f) and has no functional significance. FIG. 7(f) 1s drawn
showing source lmnes (S_0_1,S 0.2, S 03,5 1.1,S_1 2,
and S_1_3,) and gate lines (G_0, G_1 and G_2). In general,
a source line S_X_7 and gate line G_Y 1s used for the color
component CC_Z of pixel P(X, Y). The source terminal of a
transistor 1s coupled to a source line and the gate terminal of
the transistor 1s coupled to a gate line. The drain terminal of
the transistor 1s coupled to the electrode of the various color
components. For clarity, transistors, which are used as the
switching elements 1n display 750, are referenced as transis-
tor T(S_X_7, G_Y) where S_X_7 1s the source line coupled
to the transistor and G_Y 1s the gate line coupled to the
transistor. Thus transistor 751 in FIG. 7(f) 1s referenced herein
as transistor T(S_1_3, G_1) because the source terminal of
transistor 751 1s coupled to source line S_1_3 and the gate
terminal of transistor 751 1s coupled to gate line G_1. Each
transistor 1s located within a device component area. Specifi-
cally, a transistor T(S_X_ 7, G_Y) 1s located within device
component arca DCA_Z of pixel P(X,Y). Electrode connec-
tions are drawn 1n bold lines. Thus for example 1n pixel P(O,
1), which 1s controlled by gate line G_1 and source lines
S 01, S 02 and S 0 3, the drain terminal of transistor
T(S_0_1, G_1) 1s coupled to the electrode color component
CC_1. Sumilarly, the drain terminal of transistor T(S_0_2,
(G_1) 1s coupled to the electrode of color component CC_2
and the drain terminal of transistor T(S_0_3, G_1) 1s coupled
to the electrode of color component CC_3. Furthermore, the
gate terminals of transistors T(S_0_1,G_1), T(S_0_2, G_1),
and T(SO_3, G_1) are coupled to gate line G_1. The source
terminals of transistors T(S_0_1, G_1), T(S_0_2,G_1), and
T(SO_3,G_1)are coupled to sourcelines S_0_1,S_0_2, and
S_0_3, respectively. Similarly, the components of pixel P(1,
1) are coupled to gate line G_1 and source lines S_1_1,
S 1 2, and S_1_3. The components of pixel P(0, 0) are
coupled to gate lines G_0 and source lines S_0_1,S_0_2, and
S_0_3; and the components of pixel P(1, 0) are coupled to
gate lines G_0 and source lines S_1_1,S_1_2, and S_1_3.

During operation only one gate line 1s active at a time. All
transistors coupled to the active gate line are rendered con-
ductive by a positive gate impulse from the active gate line.
Transistors 1in other rows are blocked by grounding the non-
active gate lines. All source lines are active at the same time
and each source line provides video data to one transistor on
the active row (as controlled by the active gate line).

FIGS. 8(a) and 8(b) show the positive and negative dot
polarity patterns of a pixel design 810. The layout of pixel
design 810 1s nearly 1dentical to pixel design 710. Thus for
brevity only the differences are described. Specifically, in
pixel design 810, each of the device component arcas 1s
replaced by two associated dots. Thus, device component
areca DCA_1 1s replaced by associated dot AD_1 1 and
AD _1_2;device component area DCA_2 1s replaced by asso-

cliateddots AD_2 1 andAD_2_2, and device component area
DCA_3 1sreplaced by associated dots AD_3_1and AD_3 2.

Specifically, associated dots AD_1_1,AD 2 1,and AD_3_1

form a row and encompass switching elements SE_1, SE_2,
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and SE_3, respectively. Associated dots AD_1_2, AD_2 2,
and AD_3_2, are horizontally aligned with and located above
associated dots AD_1_1, AD 2 1, and AD_3_1, respec-
tively.

As explaimned above, polarized components should have
opposite polarity as compared with a neighboring color dot.
Thus, associated dots AD 1 2, AD 2 1,andAD 3 2should
have opposite polarity as compared with color dots CD_1_3,
CD_2 1,and CD_3_3, respectively. As will be made clear 1n
FIG. 8(e), the polarity of associated dots AD_1_1, AD_2_2,
and AD_3_1 should be opposite of the polarity of associated
dots AD_1 2, AD 2 1, and AD_3_2, respectively.

Thus, 1n FIG. 8(a), which shows the positive dot polarity
pattern of pixel design 810+, all of the switching elements,
color dots, and polarity extension region have positive polar-
ity. Furthermore associated dots AD 1_1, AD 2 2, and
AD_3_1 also have positive polarity. However assoelated dots
AD 1 2, AD 2 1, and AD_3_2 have negative polarity. In
FIG. S(b) which shows the negative dot polarity pattern of
pixel design 810-, all of the switching elements, color dots
and polarity extension region have negative polarity. Further-
more, associated dots AD 1 1, AD 2 2, and AD 3 1 also
have negative polarity. However associated dots AD_1_2,
AD 2 1,and AD_3_2 have positive polarity. Because, all the
switching elements have the same polarity, associated dots
AD 1 2. AD 2 1,and AD_3_2 are coupled to receive polar-
ity from another pixel. This coupling 1s represented by ITO
connectors 812 and 814. Specifically, ITO connector 812
couples the electrode of associated dot AD_1_2 to the elec-
trode of a color dot from another pixel that would be located
in between color dots CD_1_1 and CD_1_3. Sumilarly, ITO
connector 814 couples the electrode of associated dot
AD_3_2totheelectrode of a color dot from another pixel that
would be located to the right of color dot CD_3_ 3. In addition
the electrode of associated dot AD_2_1 1s coupled to receive
polarity via the electrode of associated dot AD_3_2. Con-
versely, associated dots AD_1_1,AD_2 2, and AD_3_1have
the same polarity as switching elements SE_1, SE_2, and
SE_3. Therefore, in pixel design 810, the electrode of asso-
ciated dot AD_1_1 and AD_3_1 are coupled to switching
clement SE_1 and SE_3, respectively. The electrode of asso-
ciated dot AD_2_2 1s coupled to the electrode of associated
dotAD_1_1.

FIGS. 8(c) and 8(d) show the positive and negative dot
polarity patterns of a pixel design 820. The layout of pixel
design 820 1s nearly identical to pixel design 720 (FIGS. 7(c)
and 7(d)). Thus for brevity only the dif:

Terences are described.
Specifically, 1n pixel design 820, each of the device compo-
nent areas are replaced with two associated dots. Thus, device
component areca DCA_1 1s replaced by associated dot
AD 1 1 and AD_1_2; device component areca DCA_2 1s
replaced by associated dots AD_2_1and AD_2_2.and device
component area DCA_3 1s replaced by associated dots
AD 3 1and AD_3_2. Specifically, associated dots AD_1_1,

AD 2 1,and AD_3_1 form a row and encompass sw1teh1ng
elements SE_1, SE_2, and SE_3, respectively. Associated
dots AD_1_2, AD 2 2, and AD_3_2, are horizontally
aligned with and located above associated dots AD_1_1,
AD 2 1, and AD_3_1, respectively.

As explaimned above, polarized components should have
opposite polarity as compared with a neighboring color dot.
Thus, associateddots AD 1 1, AD 2 2, and AD 3 1 should
have opposite polarity as compared with color dots CD_1_1,
CD_2 3,and CD_3_1, respectively. As will be made clear 1in
FIG. 8(e), the polarity of associated dots AD_1_2, AD 2 1,
and AD_3_2 should be opposite of the polarity of associated
dots AD_1_1,AD 2 2, and AD_3_1, respectively.
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Thus, 1n FIG. 8(c¢), which shows the positive dot polarity
pattern of pixel design 820+, all of the switching elements,
color dots, and polarity extension region have positive polar-
ity. Furthermore, associated dots AD_1 2, AD 2 1, and
AD_3 2 also have positive polarity. However assoelated dots
AD 1 1, AD 2 2, and AD_3_1 have negative polarity. In
FIG. S(d) which shows the negative dot polarity pattern of
pixel design 820—, all of the switching elements, color dots,
and polarity extension region have negative polarity. Further-
more, associated dots AD 1 2. AD 2 1, and AD 3 2 also
have negative polarity. However associated dots AD_1_1,
AD 2 2. and AD_3_1 have positive polarity. Because, all the
switching elements have the same polarity, associated dots
AD 1 2. AD 2 1,and AD_3_2 are coupled to receive polar-
ity from another pixel. This coupling 1s represented by ITO
connectors 818 and 822. Specifically, ITO connector 818
couples the electrode of associated dot AD_2_2 to the elec-
trode of a color dot from another pixel that would be located
to the right of color dot CD_2_3. In addition, the electrode of
associated dot AD_1_1 1s coupled to receive polarity from the
electrode of associated dot AD 2 2. ITO connector 822
couples the electrode of associated dot AD_3_1 to the elec-
trode of an associated dot from another pixel that would be
located to the right of associated dot AD_3_2. Conversely,
associated dots AD 1 2, AD_2 1, and AD_3_2 have the
same polarity as switching elenlents SE_1,SE_2, and SE_3.
Therefore, 1n pixel design 820, the eleetrode of associated dot
AD_2 1 1s coupled to switching element SE_2. In addition.
The electrode of associated dot AD_3_2 1s coupled to recerve
polarity from the electrode of associated dot AD_2_1. Asso-
ciated dot AD_1_2 could be coupled to recerve polarity from
one of the switching elements 1n pixel design 820. However in
the embodiment of FIGS. 8(¢) and 8(d), ITO connector 816
couples the electrode of associated dot AD_1_2 to the elec-
trode of an associated dot from another pixel that would be
located to the left of associated dot AD 1 1.

FIG. S(e) shows a portion of a display 850 that combines
pixels using pixel designs 810 and pixel design 820. Because
the source line and gate line connections for display 850 are
the same as the gate line and source line connections for
display 750 (FIG. 7(f)), the gate lines and source lines that
power the switching elements are omitted 1n FIG. 8(e). To
better 1llustrate each pixel, the area of each pixel 1s shaded;
this shading 1s only for illustrative purposes in FIG. 8(e) and
has no functional significance. Each row of display 850 has
alternating pixels of pixel design 810 and pixel design 820.
For example 1n row 0, pixel P(0,0) uses pixel design 810 and
pixel P(1,0) uses pixel design 820. Pixel P(2,0) (not shown)
would use pixel design 810. Similarly, in row 1, pixel P(0,1)
uses pixel design 810 and pixel P(1,1) uses pixel design 820,
and pixel P(2, 1) (not shown) uses pixel design 810. Within a
row the associated dots of adjacent pixels are vertically
aligned and horizontally separated by one horizontal dot
spacing HDS1 (not labeled in FIG. 8(e)). The rows 1n display
850 are horizontally aligned and vertically interleaved so
polarity enhancement regions of one pixel 1s placed in
between color dots of another pixel. For example, polarity
enhancement region P_2_ 1 of pixel P(0, 1) 1s located 1n
between color dots CD_1_1 and CD_1_2 of pixel P(0, 0).
Similarly, polarity extension region PER_3_1 of pixel P(0, 0)
1s located between color dots CD_2 1 and CD_2_2 of pixel
P(0, 1).

All the pixels on a row have the same polarity. However,
alternating rows have different polarities. Thus for example,
row 0 1s shown with positive dot polarity pattern while row 1
1s show with negative dot polarity pattern. In the next frame
row 0 would have negative dot polarity pattern while row 1
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would have positive dot polarity pattern. In general, even
numbered rows have a first dot polarity pattern and odd num-
ber rows have a second dot polarity pattern. This arrangement
of row polarity 1s an example of switching element row 1nver-
sion driving scheme, which 1s often referred to as simply “row
iversion.” In general a pixel P(X,Y) in display 850 uses pixel
design 810 where X 1s even and uses pixel design 820 where
X 15 odd. Furthermore, pixel P(X,Y) has a first dot polarity
pattern when'Y 1s even and a second dot polarity pattern when
Y 1s odd. In a particular embodiment of the present invention,
cach color dot has a width of 43 micrometers and a height of
4’7 micrometers. Each associated dot has a width of 43
micrometers and a height of 39 micrometers. The horizontal
and vertical dot spacing 1s 4 micrometers.

As 1llustrated mm FIG. 8(e), using the pixel designs
described above, the color dots of display 850 have opposite
polarity as compared to neighboring polarized components.
Thus, the fringe fields 1n each color dot are amplified to
produce multiple liguid crystal domains. Because each row of
switching elements have the same polarity, while alternating
rows ol switching elements of opposite polarity, display 850
uses a switching element row inversion driving scheme.

FIGS. 9(a) and 9(b) show the positive and negative dot
polarity patterns of a pixel design 910. The layout of pixel
design 910 1s very similar to pixel design 410 (F1GS. 4(a) and
4(b)). Thus for brevity only the differences are described.
Specifically, 1n pixel design 910 the color components (i.e.
color dots and polarnty extension regions) are in the same
position as in pixel design 410. In addition switching ele-
ments SE_1 and SE_3, and device component areas DCA_1
and DCA_3 are also 1n the same location as 1n pixel design
410. However, 1n pixel design 910, sw1tch111g clement SE_2
and device component area DCA_2 1s located above color
component CC_2. Thus, unlike the previous pixel design, the
switching elements of pixel design 910 are in multiple rows.
As explained above, each row of switching elements 1s
coupled to a single gate line. Furthermore, only one gate line
1s active at a time. Thus, for pixel design 910, switching
clement SE_2 1s active at a different time than switching
clements SE_1and SE_3. A driving scheme that 1s well suited
for pixel design 910 1s described in U.S. patent application
Ser. No. 11/751,469 entitled “Low Cost Switching Element
Point Inversion Driving Scheme for Liquid Crystal Dis-
plays”, by Hiap L. Ong, which 1s imncorporated herein by
reference. Furthermore, this driving scheme 1s 1llustrated in
FIG. 9(f). In the positive dot polarity pattern of pixel design
910, which 1s 1llustrated 1n FI1G. 9(a), color component CC_1
(1.e. colordots CD_1_1,CD_1_2, and CD_1_3, and polarity
extension regions PER_1_1and PER_1_2), color component
CC_3 (a.e. colordots CD_3_1, CD_3_2, and CD_3 3, and
polarity extension regions PER_3_ 1 and PER_3 2), and
switching elements SE_1 and SE_3 have positive polarity.
Color component CC_2 (1.e. color dots CD_2 1, CD_2 2,

and CD_2_3, and polarity extension regions PER_2 1 and
PER_2 2) and switching element SE_2 have negative polar-
ity. In the negative dot polarity pattern of pixel design 910,
which 1s 1llustrated in FIG. 9(b), color component CC_1 (1.¢.
color dots CD_1_1, CD_1_2, and CD_1_3, and polarity
extension regions PER_1_1and PER_1_2), color component
CC_3 (a.e. colordots CD_3_1, CD_3_2, and CD_3_3, and
polarity extension regions PER_3_1 and PER_3 2), and
switching elements SE_1 and SE_3 have negative polarity.
Color component CC_2 (i.e. color dots CD_2_1, CD_2 2,
and CD_2_3, and polarity extension regions PER_2 1 and
PER_2_2) and switching element SE_2 have positive polar-
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FIGS. 9(c) and 9(d) show the positive and negative dot
polarity patterns of a pixel design 920. The layout of pixel
design 920 1s very similar to pixel design 410 (FIGS. 4(a) and
4(b)). Thus for brevity only the differences are described.
Specifically, in pixel design 920 the color components (1.e.
color dots and polarity extension regions) are in the same
position as in pixel design 410. In addition switching ele-
ments SE_2 and device component area DCA_2 are also 1n
the same location as 1n pixel design 410. However, 1n pixel
design 920, switching elements SE_1 and SE_3 and device
component arcas DCA_1 and DCA_3 1s located above color
components CC_1 and CC_3, respectively. Thus, like pixel
design 910, the switching elements of pixel design 920 are 1n
multiple rows. In the positive dot polarity pattern of pixel
design 920, which 1s illustrated 1n FIG. 9(¢), color component
CC_1 (1.e. color dots CD_1_1, CD_1_2, and CD_1_3, and
polarity extension regions PER_1_1 and PER_1_2), color
component CC_3 (1.e. color dots CD_3_1, CD_3_2, and
CD_3 3, and polanty extension regions PER_3_1 and
PER_3_2), and switching elements SE_1 and SE_3 have
positive polarity. Color component CC_2 (1.e. color dots
CD 21, CD_2 2, and CD_2_3, and polanty extension
regions PER 2 1 and PER_2_2) and switching eclement
SE_2 have negative polarity. In the negative dot polarity
pattern of pixel design 920, which 1s illustrated in FI1G. 9(d),
color component CC_1 (1.e. color dots CD_1_1, CD_1_2,
and CD_1_3, and polarity extension regions PER_1_1 and
PER_1_2), Color component CC_3 (1.e. color dots CD_3 1,
CD_3 2, and CD_3_3, and polanty extension regions
PER_3_1 and PER_3 2) and switching elements SE_1 and
SE_3 have negative polarity. Color component CC_2 (1.e.
color dots CD_2_1, CD_2 2, and CD_2_3, and polarity
extension regions P;R_2_1 and PER_2_2) and switching
clement SE_2 have positive polarnity.

FIG. 9(e) shows a portion of a display 950 that combines
pixels using pixel designs 910 and pixel design 920. For
clanty, the gate lines and source lines that power the switch-
ing elements are omitted 1n FIG. 9(e). Gate line and source
line connections for display 950 are shown 1n FIG. 9(/). To
better 1llustrate each pixel, the area of each pixel 1s shaded;
this shading 1s only for illustrative purposes in FIG. 9(e) and
has no functional significance. Each row of display 950 has
alternating pixels of pixel design 910 and pixel design 920.
For example in row 0, pixel P(0,0) uses pixel design 910 and
pixel P(1,0) uses pixel design 920. Pixel P(2,0) (not shown)
would use pixel design 910. Similarly, in row 1, pixel P(0,1)
uses pixel design 910 and pixel P(1,1) uses pixel design 920,
and pixel P(2, 1) (not shown) uses pixel design 910. The
pixels 1 a row of display 950 are vertically aligned and
horizontally separated by horizontal dot spacing HDS1 (not
shown 1n FIG. 9(e)). However, the polarity extension regions
of the first color component of a first pixel 1s placed 1n
between the color dots of the third color component of a
second pixel to the left of the first pixel. For example polarity
enhancement region P_1_1 of pixel P(1, 1) 1s located 1n
between colordots CD_3_1 and CD_3_2 of pixel P(0, 1) and
polarity enhancement region P_1_2 of pixel P(1, 1) 1s located
in between color dots CD_3_2 and CD_3_3 of pixel P(0, 1).

Within a column of pixels, the color components of the
pixels are horizontally aligned. However, the device compo-
nent areas of the pixels are horizontally 1nterleaved. Specifi-
cally, the top device component areas (and switching ele-
ments) of pixels 1n a first row are vertically aligned with the
bottom device component areas (and switching elements) of
pixels 1 a second row (located above the first row). For
example, device component area DCA_2 of pixel P(0, 0) 1s
vertically aligned with device component areas DCA_1 and
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DCA_3 of pixel P(0, 1). Furthermore, device component area
DCA_2 of pixel P(0, 0) 1s located 1n between device compo-
nent areas DCA_1 and DCA_3 of pixel P(0, 1).

The pixels 1n each column alternate between having the
positive dot polarity pattern and having the negative dot polar-
ity pattern. Thus for example, on column 0, pixel P(0, O) has
the positive dot polarity pattern and pixel P(0, 1) has the
negative dot polarity pattern. Similarly on column 1, pixel
P(1, O0) has the negative dot polarity pattern and pixel P(1, 1)
has the positive dot polanity pattern. Furthermore, the pixels
on each row also alternate between having the positive dot
polarity pattern and having the negative dot polarity pattern.
Thus for example, on row 0, pixel P(0, 0) has the positive dot
polarity pattern and pixel P(1, 0) has the negative dot polarity
pattern. Similarly on row 1, pixel P(0, 1) has the negative dot
polarity pattern and pixel P(1, 1) has the positive dot polarity
pattern. In general a pixel P(X,Y) 1 display 950 uses pixel
design 910 where X 1s even and uses pixel design 920 where
X 1s odd. Furthermore, pixel P(X,Y) has a first dot polarity
pattern when X+Y 1s even and a second dot polarity pattern
when X+Y 1s odd. Due to the nature of the pixel designs, each
row ol switching element in display 950 has the same polarity.
Thus, display 950 uses a switching element row nversion
driving scheme. In a particular embodiment of the present
invention, each color dot has a width of 43 micrometers and a
height of 49 micrometers. Each associated dot has a width of
43 micrometers and a height o1 39 micrometers. The horizon-
tal and vertical dot spacing 1s 4 micrometers.

As 1llustrated mm FIG. 9(e), using the pixel designs
described above, the color dots of display 950 have opposite
polarity as compared to neighboring polarized components.
Thus, the fringe fields 1n each color dot are amplified to
produce multiple liqud crystal domains.

FIG. 9(f) illustrates the same portion of a display 950 as
FIG. 9(e) (1.e., pixels P(0, 0), P(1, 0), P(0, 1), and P(1, 1)).
However, FIG. 9(f) emphasizes the gate and source lines and
thus for clanty some pixel details (such as color dot refer-
ences and polarity which are shown 1n FIG. 9(e)) are omitted
in FI1G. 9(/). Furthermore, the area of each pixel 1s shaded; this
shading 1s only for illustrative purposes 1n FIG. 9(f) and has
no functional significance. FIG. 9(f) 1s drawn showing source
lines (S_0_1,S_0_2,S_ 03,5 1.1,S 1 2,andS_1_3,)and
gate lines (G_0, G_1 and G_2). In general, a source line
S_X_7 and gate line G_Y 1s used for the color component
CC_Z of pixel P(X, Y). The source terminal of a transistor 1s
coupled to a source line and the gate terminal of the transistor
1s coupled to a gate line. The drain terminal of the transistor 1s
coupled to the electrode of the various color components. For
clanity, transistors, which are used as the switching elements
in display 950, are referenced as transistor T(S_X_ 7, G_Y)
where S_X_ 7 1s the source line coupled to the transistor and
G_Y 1s the gate line coupled to the transistor. Thus transistor
951 1n FIG. 9(f) 1s referenced herein as transistor T(S_1_3,
(G_1) because the source terminal of transistor 951 1s coupled
to source line S_1_3 and the gate terminal of transistor 951 1s
coupled to gate line G_1. Each transistor 1s located within a
device component area. Specifically, a transistor T(S_X_Z,
G_Y) 1s located within device component area DCA_Z of
pixel P(X,Y). Electrode connections are drawn in bold lines.
Thus for example 1 pixel P(0, 1), which 1s controlled by gate
lines G 1 and G 2 and source lines S 0.1, S 0 2, and
S_0_3, the drain terminal of transistor T(S_0_1, G_1) 1s
coupled to the electrode color component CC_1. Similarly,
the drain terminal of transistor T(S_0_2, G_2) 1s coupled to
the electrode of color component CC_2 and the drain terminal
of transistor T(S_0_3, G_1) 1s coupled to the electrode of
color component CC_3. Furthermore, the gate terminals of
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transistors T(S_0_1, G_1) and T(SO_3, G_1) are coupled to
gate line G_1 while the gate terminal of transistor T(S_0_2,
(G_2) 1s coupled to gate line G_2. The source terminals of
transistors T(S_0_1, G_1), T(S_0_2, G_2), and T(SO_3,
(G_1) are coupled to source lines S_0_1, S_0_2, and S_0_3,
respectively. Similarly, the components of pixel P(1,1) are
coupled to gate lines G_1 and G_2 and source lines S_1_1,
S 1 2, and S_1_3. The components of pixel P(0, 0) are
coupled to gate lines G_0 and G_1 and source lines S_0_1,
S _0_2, and S_0_3; and the components of pixel P(1, 0) are
coupled to gate lines G_0 and G_1 and source lines S_1_1,
S 1 2, and S_1_3.

As explained above, during operation only one gate line 1s
active at a time. All transistors coupled to the active gate line
are rendered conductive by a positive gate impulse from the
active gate line. Transistors in other rows are blocked by
grounding the non-active gate lines. All source lines are active
at the same time and each source line provides video data to
one transistor on the active row (as controlled by the active
gate line). However, each pixel in display 950 1s controlled by
two gate lines. Therefore, a special driving scheme 1s used
with display 950 to synchronize the source data with the pixel
configurations. Specifically, delayed source signal S_0_2_D,
S 1.1 D,and S_1_3_D are applied to source lines S_0_2,
S 1_1,andS_1_3, respectively. The delayed source lines can
be generated using a delay line or other conventional circuits
from sourcesignalsS_0_2,S 1 1andS_1_3 (asused in FIG.
4(e) for example). The delay period 1s equal to one row refresh
period. In one embodiment of the application, the delayed
source signals are generated from the normal source signals,
the driving circuits and controllers do not need to be modified
for the use with the novel driving scheme of the present
invention. In another embodiment of the application, the
delayed source signals are generated from the timing control-
ler, the driving circuits and other controllers do not need to be
modified for the use with the novel driving scheme of the
present mnvention. As stated above, the novel driving scheme
1s described in detail i U.S. patent application Ser. No.
11/751,469, entitled “Low Cost Switching Element Point
Inversion Driving Scheme

FIGS. 9(g) and 9(%2) show the positive and negative dot
polarity patterns of a pixel design 960, which 1s a 2 dot per
color component variation of pixel design 910. The layout of
pixel design 960 1s very similar to pixel design 910 (FIGS.
9(a) and 9(b)). Thus for brevity only the differences are
described. Specifically, 1n pixel design 960 the color compo-
nents include only two color dots and only one polarity exten-
sion region. The two color dots of the color components of
pixel design 960 are arranged 1n a column with the color dots
separated by a first vertical dot spacing VDS1. The color
components ol pixel design 960 include a single polarity
extension region (e.g. PER_1_1), which extends to the left of
color dots. The polarity extension region of a color compo-
nent 1s vertically centered between the color dots and has a
rectangular shape with a height that 1s less than vertical dot
separation VDS1 and a width that 1s approximately one color
dot width CDW. Specifically, 1n the first color component of
pixel design 960, color dot CD_1_1 1s vertically adjacent to
and above color dot CD_1_2. In addition, colordots CD 1 1
and CD_1_2 are honizontally aligned. Polarity extension
region PER_1_1 extends to the left of color dots CD_1_1 and
CD_1_2 and s vertically centered between colordot CD_1_1
and CD_1_2. In general, the height of polarity extension
regions 1s 4-6 micrometers and the width 1s 4-6 micrometers
less than the color dot width.

The switching elements and device component areas are
arranged 1n the same pattern relative to the color components
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in pixel design 960 as i1n pixel design 910. Specifically,
switching elements SE_1 and SE_3 and device component
areas DCA_1 and DCA_3 are located below color compo-
nents CC_1 and CC_3, respectively. Switching element SE_2
and device component areca DCA_2 are located above color
component CC_2. As explained above, each row of switching
clements 1s coupled to a single gate line. Furthermore, only
one gate line 1s active at a time. Thus, for pixel design 960,
switching element SE_2 1s active at a different time than
switching elements SE_1 and SE_3. Thus, displays using
pixel design 960 could use the same driving scheme as
described above for pixel design 910. In the positive dot
polarity pattern of pixel design 960, which 1s illustrated in
FIG. 9(g), color component CC_1 (1.e. color dots CD_1_1,
and CD_1_2 and polarity extension regions PER_1_1), color
component CC_3 (1.e. color dots CD_3_1 and CD_3_2, and
polarity extension regions PER_3 1), and switching e¢le-
ments SE_1 and SE_3 have positive polarity. Color compo-
nent CC_2 (1.e. colordots CD_2_1and CD_2 2, and polarity
extension regions PER_2 1) and switching element SE_2
have negative polarity. In the negative dot polarity pattern of
pixel design 960, which 1s illustrated in FIG. 9(%), color
component CC_1 (1.e. color dots CD_1_1, CD_1_2, and
polarity extension region PER_1_1), color component CC_3
(1.e. color dots CD_3_1 and CD_3_2, and polarity extension
region PER_3_1), and switching elements SE_1 and SE_3
have negative polarity. Color component CC_2 (1.e. color
dots CD_2_1 and CD_2_2, and polanty extension region
PER_2 1) and switching element SE_2 have positive polar-
ity.

FIGS. 9(i) and 9(j) show the positive and negative dot
polarity patterns of a pixel design 970. The layout of pixel
design 970 1s very similar to pixel de51gn 920 (FIGS.9(c) and
9(d). Thus for brevity only the differences are described.
Specifically, in pixel design 970 the color component have
two color dots and one polarity extension regions instead of
three color dots and two polarity extension regions. The two
color dots of the color components of pixel design 970 are
arranged 1n a column with the color dots separated by a first
vertical dot spacing VDS1. The color components of pixel
design 970 include a single polarity extension region (e.g.
PER_1_1), which extends to the left of color dots. The polar-
ity extension region of a color component 1s vertically cen-
tered between the color dots and has a rectangular shape with
a height that 1s less than vertical dot separation VDS1 and a
width that 1s appremmate,y one color dot width CDW. The
switching elements and device component area are in the
same position as in pixel design 920. Specifically, switching
clements SE_1 and SE_3 and device component areas
DCA_1 and DCA_3 are located above color components
CC_1 and CC_3, respectively. Switching element SE_2 and
device component area DCA_2 are located below color com-
ponent CC_2. As explained above, each row of switching
clements 1s coupled to a single gate line. Thus, like pixel
design 960, the switching elements of pixel design 970 are 1n
multiple rows. In the positive dot polarity pattern of pixel
design 970, which 1s illustrated in FIG. 9(i), color component
CC_1 (1.e. color dots CD_1_1 and CD_1_2, and polarity
extension region PER_1 1), color component CC_3 (1.e.
color dots CD_3_1, and CD_3_2, and polarity extension
region PER_3_1), and switching elements SE_1 and SE_3
have positive polarity. Color component CC_2 (1.e. color dots
CD 21 and CD_2 2 and polanty extension regions
PER_2_1) and switching element SE_2 have negative polar-
ity. In the negative dot polarity pattern of pixel design 970,
which 1s illustrated in FI1G. 9(;), color component CC_1 (i.e.
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region PER_1_1), color component CC_3 (i1.e. color dots
CD 31 and CD_3_2, and polanty extension region
PER_3_1), and switching elements SE_1 and SE_3 have
negative polarity. Color component CC_2 (1.e. color dots
CD 21 and CD_2 2, and polanty extension region
PER_2_1) and switching element SE_2 have positive polar-

ity.

FIG. 9(k) shows a portion of a display 980 that combines
pixels using pixel designs 960 and pixel design 970. For
clanty, the gate lines and source lines that power the switch-
ing elements are omitted i FIG. 9(%k). The gate line and
source line connections for display 970 are virtually 1dentical
to the gate line and source line connections for display 950,
which are shown 1n FIG. 9(f). To better illustrate each pixel,
the area of each pixel 1s shaded; this shading i1s only for
illustrative purposes 1n FIG. 9(k) and has no functional sig-
nificance. Each row of display 970 has alternating pixels of
pixel design 960 and pixel design 970. For example 1n row 0,
pixel P(0,0) uses pixel design 960 and pixel P(1,0) uses pixel
design 970. Pixel P(2,0) (not shown) would use pixel design
960. Similarly, in row 1, pixel P(0,1) uses pixel design 960
and pixel P(1,1) uses pixel design 970, and pixel P(2, 1) (not
shown) uses pixel design 960. The pixels 1n a row of display
980 are vertically aligned and horizontally separated by hori-
zontal dot spacing HDS1 (not shown 1n FIG. 9(%)). However,
the polarity extension region of the first color component of a
first pixel 1s placed 1n between the color dots of the third color
component of a second pixel to the left of the first pixel. For
example polarity enhancement region P_1_1 of pixel P(1, 1)
1s located in between colordots CD_3_1and CD_3_2 of pixel
P(0, 1).

Within a column of pixels, the color components of the
pixels are horizontally aligned. However, the device compo-
nent areas of the pixels are horizontally interleaved. Specifi-
cally, the top device component areas (and switching ele-
ments) of pixels 1n a first row are vertically aligned with the
bottom device component areas (and switching elements) of
pixels 1 a second row (located above the first row). For
example, device component area DCA_2 of pixel P(0, 0) 1s
vertically aligned with device component areas DCA_1 and
DCA_3 of pixel P(0, 1). Furthermore, device component area
DCA_2 of pixel P(0, 0) 1s located 1n between device compo-
nent areas DCA_1 and DCA_3 of pixel P(0O, 1).

The pixels 1 each column alternate between having the
positive dot polarity pattern and having the negative dot polar-
ity pattern. Thus for example, on column 0, pixel P(0, O) has
the positive dot polarity pattern and pixel P(0, 1) has the
negative dot polarity pattern. Similarly on column 1, pixel
P(1, O0) has the negative dot polarity pattern and pixel P(1, 1)
has the positive dot polarity pattern. Furthermore, the pixels
on each row also alternate between having the positive dot
polarity pattern and having the negative dot polarity pattern.
Thus for example, on row 0, pixel P(0, 0) has the positive dot
polarity pattern and pixel P(1, 0) has the negative dot polarity
pattern. Similarly on row 1, pixel P(0, 1) has the negative dot
polarity pattern and pixel P(1, 1) has the positive dot polarity
pattern. In general a pixel P(X,Y) in display 980 uses pixel
design 960 where X 1s even and uses pixel design 970 where
X 1s odd. Furthermore, pixel P(X,Y) has a first dot polarity
pattern when X+Y 1s even and a second dot polarity pattern
when X+Y 1s odd. Due to the nature of the pixel designs, each
row ol switching element in display 980 has the same polarity.
Thus, display 980 uses a switching element row inversion
driving scheme. In a particular embodiment of the present
invention, each color dot has a width of 43 micrometers and a
height of 49 micrometers. Each associated dot has a width of
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43 micrometers and a height o1 39 micrometers. The horizon-
tal and vertical dot spacing 1s 4 micrometers.

As 1llustrated in FIG. 9(k), using the pixel designs
described above, the color dots of display 980 have opposite
polarity as compared to neighboring polarized components.
Thus, the fringe fields 1n each color dot are amplified to
produce multiple liqud crystal domains.

FIGS. 10(a) and 10(b) show the positive and negative dot
polarity patterns of a pixel design 1010. The layout of pixel
design 1010 1s nearly 1dentical to pixel design 910. Thus for
brevity only the differences are described. Specifically, in
pixel design 1010, the device component areas are replaced
by two associated dots. Thus, device component area DCA_1
1s replaced by associated dot AD_1_1 and AD_1_2; device
component areca DCA_2 1s replaced by associated dots
AD 2 1and AD_2 2, and device component area DCA_3 1s
replaced by associated dots AD_3_1 and AD_3_2. Specifi-
cally, associated dot AD_1_2 is horizontally aligned with and
below colordot CD 1 3. Associated dot AD 1 1 1s horizon-
tally aligned with and below associated dot AD_1_2. Asso-
ciated dot AD_2_1 1s horizontally aligned with and above
color dot CD_2_1. Associated dot AD_2_2 1s horizontally
aligned with and above associated dot AD_2_1. Associated
dot AD_3_2 1s horizontally aligned with and below color dot
CD_3 3. Associated dot AD_3_11s horizontally aligned with
and below associated dotAD_3_2. Switching elements SE_1,
SE_2, and SE_3 are located within associated dots AD_1_1,
AD 2 1,and AD_3 1.

As explamed above, polarized components should have
opposite polarity as compared with a neighboring color dot.
Thus, associated dots AD_ 1 2, AD 2 1,and AD 3 2 should
have opposite polarity as compared with color dots CD_1_3,
CD_2 1, and CD_3_3, respectively. As will be made clear 1n
FIG. 10(e), the polarity of associated dots AD_1_1,AD 2 1,
and AD_3_1 should be opposite of the polarity of associated
dots AD_1 2, AD 2 1, and AD_3_2, respectively.

Thus, 1n FIG. 10(a), which shows the positive dot polarity
pattern of pixel design 1010+, switching elements SE_1, and
SE_3; color dots CD_1_1, CD_1_2, CD_1_3, CD_3 1,
CD_ 3 _2,and CD_3_3; polarlty extension regions PER _1_1,
ER_1 2, PER_3_1, and PER_3_2, and associated dot
AD 1 1, AD 2 1, and AD 3 1 have positive polarity as
denoted by “+”. Switching element SE_2; color dots
CD_2 1,CD_2 2, and CD_2_3; polarity extension regions
PER_2_ 1 and PER_2_2, and associated dots AD_1_2,
AD 2 2, and AD_3_2 have negative polarity as denoted by

111 FIG. 10(b), which shows the negative dot polarity pat-
tern ol pixel design 1010-, switching elements SE_1, and
SE_3; color dots CD_1_1, CD_1_2, CD_1_3, CD_3 1,
CD_ 3 _2,and CD_3_3; polarlty extension regions PER _1_1,
ER 1 2, PER 3 1, and PER 3 2, and associated dot
AD 1 1, AD 2 1, and AD_3_1 have negative polarity as
denoted by *“-”. Switching element SE_2; color dots
CD_ 2 1,CD_2 2, and CD_2_3; polarity extension regions
PER 2 1, and PER 2 2, and associated dots AD 1 2,
AD 2 2, and AD_3_2 have positive polarity as denoted by
4

To recerve the proper polarity, the electrode of associated
dot AD_1_1 1s coupled to switching element SE_1. The elec-
trode of associated dot AD_1_2 1s coupled to the electrode of
color dot CD_2_3 (1.e. the electrode of color component
CC_2). The electrode of associated dot AD_2_1 1s coupled to
a polarity source from another pixel via ITO connector 1012.
The electrode of associated dot AD_2_2 1s coupled to a polar-
ity source from another pixel via ITO connector 1011. The
clectrode of associated dot AD_3_1 is coupled to switching
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element SE_3 and the electrode of associated dot AD 3 2 1s
coupled to a polarity source from another pixel via I'TO con-
nector 1013.

FIGS. 10(¢) and 10(d) show the positive and negative dot
polarity patterns of a pixel design 1020. The layout of pixel
design 1020 1s nearly 1dentical to pixel design 920. Thus for
brevity only the differences are described. Specifically, in
pixel design 1020, each of the device component areas 1s
replaced by two associated dots. Thus, device component
areca DCA_1 1s replaced by associated dot AD_1 1 and
AD _1_2;device component area DCA_2 1s replaced by asso-
clateddots AD_2_1andAD_2_2, and device component area
DCA_3 1sreplaced by associated dots AD_3_1and AD_3 2.
Specifically, associated dot AD_1_1 is horizontally aligned
with and above colordot CD 1 1. AssociateddotAD 1 21s
horizontally aligned with and above associated dot AD_1_1.
Associated dot AD_2 2 1s horizontally aligned with and
below colordot CD 2 3. Associated dot AD 2 1 1s horizon-
tally aligned with and below associated dot AD_2_ 2. Asso-
ciated dot AD_3_1 1s horizontally aligned with and above

color dot CD_3_1. Associated dot AD_3_2 1s horizontally
aligned with and above Associated dot AD_3_1. Switching
H 1, SE_2,and SE_3 are located within associated

clements SE
dots AD_1_1,AD_2 1,and AD_3 1.

As explained above, polarized components should have
opposite polarity as compared with a neighboring color dot.
Thus, associated dots AD 1 1,AD 2 2, and AD 3 1 should
have opposite polarity as compared with color dots CD_1_1,
CD_2 3,and CD_3_1, respectively. As will be made clear 1n
FIG. 10(e), the polanty of associated dots AD_1_2, AD 2 1,
and AD_3_2 should be opposite of the polarity of associated
dots AD 1 1, AD 2 2, and AD_3 1, respectively.

Thus, 1n FIG. 10(¢), which shows the positive dot polarity
pattern of pixel design 1020+, switching elements SE_1, and
E_3; color dots CD_1_1, CD_1 2, CD_1 3, CD_3 1,
CD_3 2, and CD_3_3; polarlty extension regions PER_1_1,
ER_1 2, PER_3_ 1, and PER_3_2, and associated dot
AD 1 2 AD 2 2. and AD_3 2 have positive polarity as
denoted by “+”. Switching element SE_2; color dots
CD_2 1,CD_2 2, and CD_2_3; polarity extension regions
PER_2_ 1 and PER_2_2, and associated dots AD_1_1,
AD 2 1, and AD_3_1 have negative polarity as denoted by

In FIG. 10(d), which shows the negative dot polarity pat-
tern of pixel design 1020-, switching elements SE_1, and
SE_3; color dots CD_1_1, CD_1_2, CD_1_3, CD31

CD_3 2, and CD_3_3; polarlty extension reglonsP:R 11,
E _1_2 PER 3 1, and PER 3 2, and associated dot
AD 1.2, AD 2 2, and AD_3 2 have negative polarity as
denoted by “-”. Switching element SE_2; color dots
CD 2 1,CD_2 2, and CD_2_3; polarity extension regions
PER_2 1, and PER_2_2, and associated dots AD 1_1,
AD 2 1, and AD_3_1 have positive polarity as denoted by
)

To recetrve the proper polarity, the electrode of associated
dot AD_1_1 1s coupled to a polarity source from another pixel
via ITO connector 1022. The electrode of associated dot
AD_1_21scoupledto a polarity source from another pixel via
[TO connector 1021. The electrode of associated dotAD 2 2
1s coupled to the electrode of color dot CD_3_3 (1.e. the
clectrode of color component CC_3). The electrode of asso-
ciated dot AD_2 1 1s coupled to switching element SE_2.
The electrode of associated dot AD_3_1 1s coupled to a polar-
ity source from another pixel via I'TO connector 1024 and the
clectrode of associated dot AD_3_2 1s coupled to a polarity

source from another pixel via ITO connector 1023.
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FIG. 10(e) shows a portion of a display 1050 that combines
pixels using pixel designs 1010 and pixel design 1020.
Because the gate line and source line connections 1n display
1050 1s similar to the gate line and source line connection 1n
display 950 (See FIG. 9(f)), the gate lines and source lines that
power the switching elements are omitted in FIG. 10(e). To
better 1llustrate each pixel, the area of each pixel 1s shaded;
this shading 1s only for 1llustrative purposes in FIG. 10{(¢e) and
has no functional significance. Each row of display 1050 has
alternating pixels of pixel design 1010 and pixel design 1020.
For example inrow 0, pixel P(0,0) uses pixel design 1010 and
pixel P(1,0) uses pixel design 1020. Pixel P(2,0) (not shown)

would use pixel design 1010. Stmilarly, 1n row 1, pixel P(0,1)
uses pixel design 1010 and pixel P(1,1) uses pixel design
1020. Pixel P(2, 1) (not shown) would use pixel design 1010.

The pixels 1n a row of display 1050 are vertically aligned and
horizontally separated by horizontal dot spacing HDS1 (not
shown 1 FIG. 10(e)). However, the polarity extension
regions of the first color component of a first pixel 1s placed in
between the color dots of the third color component of a
second pixel to the left of the first pixel. For example polarity
enhancement region PER_1_1 of pixel P(1, 1) 1s located 1n
between color dots CD_3_1 and CD_3_2 of pixel P(0, 1) and
polarity enhancement region P_1_2 of pixel P(1, 1) 1s located
in between color dots CD_3_2 and CD_3_3 of pixel P(0, 1).

Within a column of pixels, the color components of the
pixels are horizontally aligned. However, the associated dots
ol the pixels are horizontally interleaved. Specifically, the top
associated dots (and switching elements) of pixels 1n a first
row are vertically aligned with the bottom associated dots
(and switching elements) of pixels in a second row (located
above the first row). More specifically, the associated dots
form 2 rows. For example, associated dot AD_2_1 of pixel
P(0, 0) 1s vertically aligned with associated dots AD_1_1 and
AD 3 1 of pixel P(0, 1). Furthermore, associated dot
AD_2 2 of pixel P(0, 0) 1s vertically aligned with associated
dots AD_1_2 and AD_3_2 of pixel P(0, 1). In addition, asso-
ciated dot AD_2_1 of pixel P(0, 0) 1s located in between
associated dots AD_1_1 and AD_3_1 of pixel P(0, 1); and,
associated dot AD_2_2 of pixel P(0, 0) 1s located 1n between

associated dots AD_1_2 and AD_3_2 of pixel P(0, 1).

The pixels 1n each column alternate between having the
positive dot polarity pattern and having the negative dot polar-
ity pattern. Thus for example, on column 0, pixel P(0, O) has
the positive dot polarity pattern and pixel P(0, 1) has the
negative dot polarity pattern. Similarly on column 1, pixel
P(1, O0) has the negative dot polarity pattern and pixel P(1, 1)
has the positive dot polanty pattern. Furthermore, the pixels
on each row alternate between having the positive dot polarity
pattern and having the negative dot polarity pattern. Thus for
example, on row 0, pixel P(0, 0) has the positive dot polarity
pattern and pixel P(1, 0) has the negative dot polarity pattern.
Similarly on row 1, pixel P(0, 1) has the negative dot polarity
pattern and pixel P(1, 1) has the positive dot polarity pattern.
In general a pixel P(X,Y) 1 display 1050 uses pixel design
1010 where X 1s even and uses pixel design 1020 where X 1s
odd. Furthermore, pixel P(X,Y) has a first dot polarity pattern
when X+Y 1s even and a second dot polarity pattern when
X+Y 1s odd. However due to the nature of the pixel designs,
cach row of switching element 1n display 1050 has the same
polarity. Furthermore, every other row of switching elements
has different polarity. Thus, display 1050 uses a switching,
clement row version driving scheme. In a particular
embodiment of the present invention, each color dot has a
width of 43 micrometers and a height of 49 micrometers.

10

15

20

25

30

35

40

45

50

55

60

65

34

Each associated dot has a width of 43 micrometers and a
height of 39 micrometers. The horizontal and vertical dot
spacing 1s 4 micrometers.

As 1llustrated mn FIG. 10(e), using the pixel designs
described above, the color dots of display 1050 have opposite
polarity as compared to neighboring polarized components.
Thus, the fringe fields 1n each color dot are amplified to
produce multiple liquid crystal domains.

FIGS. 10(g) and 10(/2) show the positive and negative dot

polarity patterns of a pixel design 1060. Please note there 1s no
FIG. 10(/) to maintain consistency between FIG. 9(g)-9(k)

and 10(g)-10(k). The layout of pixel design 1060 1s nearly
identical to pixel design 960 (FIGS. 9(g) and 9(/2)). Thus for
brevity only the differences are described. Specifically, in
pixel design 1060, cach of the device component areas 1s

replaced by two associated dots. Thus, device component
area DCA_1 1s replaced by associated dot AD_1 1 and

AD _1_2;device component area DCA_2 1s replaced by asso-

clateddots AD_2_1andAD_2_2, and device component area
DCA_31sreplaced by associated dots AD_3_1and AD_3 2.
Specifically, associated dot AD_1_2 i1s horizontally aligned
with and below colordot CID 1 2. Associateddot AD 1 1 1s
horizontally aligned with and below associated dot AD_1_2.
Associated dot AD_2 1 1s horizontally aligned with and
above colordot CD 2 1. Associated dot AD 2 2 1s horizon-
tally aligned with and above associated dot AD_2 1. Associ-
ated dot AD_3_2 1s honizontally aligned with and below color
dot CD_3_2. Associated dot AD_3_1 1s horizontally aligned
with and below associated dot AD_3_2. Switching elements
SE_1, SE_2, and SE_3 are located within associated dots
ADllADZIandAD31

As explained above, polarized components should have
opposite polarity as compared with a neighboring color dot.
Thus, associated dots AD 1 2, AD 2 1,andAD 3 2should
have opposite polarity as compared with color dots CD_1_2,
CD_2 1,and CD_3_2, respectively. As will be made clear 1n
FIG. 10(%), the polarnity of associated dots AD_1_1,AD 2 1,
and AD_3_1 should be opposite of the polarity of associated
dots AD_1_2, AD 2 1, and AD_3 2, respectively.

Thus, n FIG. 10(g), which shows the positive dot polarity
pattern of pixel design 1060+, switching elements SE_1, and
SE_3; colordots CD_1_1, CD_1_2,CD_3_1, and CD_3_2;
polarlty extension regions PER_1_1and PER_3_1; and asso-
ciated dot AD_1_1, AD_2 1, and AD_3_1 have positive
polarity as denoted by “+7. Switching element SE_2; color
dots CD 2 1 and CD_ 2 _2; polanity extension region
PER_2_1; and associated dots AD_1_2 and AD_2 2 have
negative polarlty as denoted by “-”

In FIG. 10(/2), which shows the negative dot polarity pat-
tern of pixel design 1010-, switching elements SE_1, and
SE_3;colordots CD_1_1,CD_1_2,CD_3_1, and CD_3_2;
polarlty extension regions PER_1_1and PER_3_1; and asso-
ciated dots AD_1 1, AD 2 1, and AD_3_1 have negative
polarity as denoted by “~7. Switching element SE_2; color
dots CD_2_1 and CD_2_2; polanity extension region
PER_2_1; and associated dots AD 12, AD_2 2, and
AD 3 2 have positive polarity as denoted by “+”

To receive the proper polarity, the electrode of associated
dot AD_1_1 1s coupled to switching element SE_1. The elec-
trode of associated dot AD_1_2 1s coupled to the electrode of
color dot CD_2_2 (1.e. the electrode of color component
CC_2). The electrode of associated dot AD_2_1 1s coupled to
a polarity source from another pixel via ITO connector 1061.
The electrode of associated dot AD_2_2 1s coupled to a polar-
ity source from another pixel via I'TO connector 1062. The
clectrode of associated dot AD_3_1 is coupled to switching
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element SE_3 and the electrode of associated dot AD 3 2 1s
coupled to a polarity source from another pixel via ITO con-
nector 1063.

FIGS. 10(i) and 10(;) show the positive and negative dot
polarity patterns of a pixel design 1070. The layout of pixel
design 1070 1s nearly 1identical to pixel design 970 (FIGS. 9(7)
and 9(;). Thus for brevity only the differences are described.
Specifically, 1n pixel design 1070, each of the device compo-
nent areas 1s replaced by two associated dots.

Thus, device component area DCA_1 1s replaced by asso-
ciated dot AD_1_1 and AD_1_2; device component area
DCA_21sreplaced by associated dots AD_2 1 and AD_2 2,
and device component area DCA_3 1s replaced by associated
dots AD_3_1 and AD_3_2. Specifically, associated dot
AD _1_1 1s horizontally aligned with and above color dot
CD_1_1.Associateddot AD_1_21s horizontally aligned with
and above associated dot ADD 1 1. Associated dotAD 2 21s
horizontally aligned with and below color dot CD_2_2. Asso-
ciated dot AD_2_1 1s horizontally aligned with and below
assocliated dot AD 2 2. Associated dot AD 3 1 1s horizon-
tally aligned with and above color dot CD_3_1. Associated
dot AD_3_2 1s horizontally aligned with and above Associ-
ateddot AD_3 1. Switching elements SE_1,SE_2,and SE_3
are located within associated dots AD_1_1, AD 2 1, and
AD 3 1.

As explained above, polarized components should have
opposite polarity as compared with a neighboring color dot.
Thus, associated dots AD 1 1, AD 2 2. and AD 3 1 should
have opposite polarity as compared with color dots CD_1_1,
CD_2 2, and CD_3_1, respectively. As will be made clear 1in
FIG. 10(k), the polarity of associated dots AD_1_2, AD 2 1,
and AD_3_2 should be opposite of the polarity of associated
dots AD_1_1,AD 2 2, and AD_3_1, respectively.

Thus, 1n FIG. 10(i), which shows the positive dot polarity
pattern of pixel design 1070+, switching elements SE_1, and
SE_3;colordotsCD_1_1,CD 1 2, CD_3 1, and CD_3_2;
polamty extension regions PER_1_1and PER_3_1; and asso-
ciated dots AD_1 2, AD 2 2, and AD_3_2 have positive
polarity as denoted by “+”. Switching element SE_2; color
dots CD_2 1 and CD_2_2; polanty extension region
PER_2 1; and associated dots AD 1 1, AD 2 1, and
AD 3 1 have negative polarity as denoted by €

In FIG. 10(;), which shows the negative dot polarlty pattern
of pixel design 1020-, switching elements SE_1, and SE_3;
colordotsCD_1_1,CD_1_2,CD_3_1,andCD_3_2; polarity
extension regions PER_1_1 and PER_3_1; and associated
dots AD_1_2, AD 2 2, and AD_3_2 have negative polarity
as denoted by “-”. Switching element SE_2; color dots
CD_2 1 and CD_2_2; polanty extension region PER_2_1;
and associated dots AD 1 1, AD 2 1, and AD_3 1 have
positive polarity as denoted by “+”

To receive the proper polarity, the electrode of associated
dotAD_1_1 1s coupled to a polarity source from another pixel
via ITO connector 1071. The electrode of associated dot
AD_1_21s coupled to a polarity source from another pixel via
I'TO connector 1072. The electrode of associated dotAD_2_2
1s coupled to the electrode of color dot CD_3_3 (1.e. the
clectrode of color component CC_3). The electrode of asso-
ciated dot AD_2 1 1s coupled to switching element SE_2.
The electrode of associated dot AD_3_1 1s coupled to a polar-
ity source from another pixel via ITO connector 1073 and the
clectrode of associated dot AD_3_2 1s coupled to a polarity
source from another pixel via ITO connector 1074.

FI1G. 10(%) shows a portion of a display 1080 that combines
pixels using pixel designs 1060 and pixel design 1070.
Because the gate line and source line connections 1n display
1080 1s similar to the gate line and source line connection 1n
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display 950 (See F1G. 9(f)), the gate lines and source lines that
power the switching elements are omitted 1n FIG. 10(%). To
better illustrate each pixel, the area of each pixel 1s shaded;
this shading 1s only for 1llustrative purposes in FIG. 10(%) and
has no functional significance. Each row of display 1080 has
alternating pixels ol pixel design 1060 and pixel design 1070.
For example in row 0, pixel P(0,0) uses pixel design 1060 and
pixel P(1,0) uses pixel design 1070. Pixel P(2,0) (not shown)
would use pixel design 1060. Similarly, 1n row 1, pixel P(0,1)
uses pixel design 1060 and pixel P(1,1) uses pixel design
1070. Pixel P(2, 1) (not shown) would use pixel design 1060.
The pixels 1n a row of display 1080 are vertically aligned and
horizontally separated by horizontal dot spacing HDS1 (not
shown 1 FIG. 10(k)). However, the polarity extension
regions of the first color component of a first pixel 1s placed in
between the color dots of the third color component of a
second pixel to the left of the first pixel. For example polarity
enhancement region PER_1_1 of pixel P(1, 1) 1s located 1n
between color dots CD_3_1 and CD_3_2 of pixel P(0, 1).

Within a column of pixels, the color components of the
pixels are horizontally aligned. However, the associated dots
ol the pixels are horizontally interleaved. Specifically, the top
associated dots (and switching elements) of pixels 1n a first
row are vertically aligned with the bottom associated dots
(and switching elements) of pixels in a second row (located
above the first row). More specifically, the associated dots
form 2 rows. For example, associated dot AD_2 1 of pixel
P(0, 0) 1s vertically aligned with associated dots AD_1_1 and
AD 3 1 of pixel P(O, 1). Furthermore, associated dot
AD 2 2 of pixel P(0, 0) 1s vertically aligned with associated
dots AD_1_2 and AD_3_2 of pixel P(O 1). In addition, asso-
ciated dot AD_2 1 of pixel P(0, 0) 1s located in between
associated dots AD_1_1 and AD_3_1 of pixel P(0, 1); and,
associated dot AD_2_2 of pixel P(0, 0) 1s located 1n between
associated dots AD_1_2 and AD_3_2 of pixel P(0, 1).

The pixels 1 each column alternate between having the
positive dot polarity pattern and having the negative dot polar-
ity pattern. Thus for example, on column 0, pixel P(0, O) has
the positive dot polarity pattern and pixel P(0, 1) has the
negative dot polarity pattern. Similarly on column 1, pixel
P(1, 0) has the negative dot polarity pattern and pixel P(1, 1)
has the positive dot polarity pattern. Furthermore, the pixels
on each row alternate between having the positive dot polarity
pattern and having the negative dot polarity pattern. Thus for
example, on row 0, pixel P(0, 0) has the positive dot polarity
pattern and pixel P(1, O) has the negative dot polarity pattern.
Similarly onrow 1, pixel P(0, 1) has the negative dot polarity
pattern and pixel P(1, 1) has the positive dot polarity pattern.
In general a pixel P(X,Y) 1n display 1080 uses pixel design
1060 where X 1s even and uses pixel design 1070 where X 1s
odd. Furthermore, pixel P(X,Y) has a first dot polarity pattern
when X+Y 1s even and a second dot polarity pattern when
X+Y 1s odd. However due to the nature of the pixel designs,
cach row of switching element 1n display 1080 has the same
polarity. Furthermore, every other row of switching elements
has different polarity. Thus, display 1080 uses a switching
clement row 1nversion driving scheme. In a particular
embodiment of the present invention, each color dot has a
width of 43 micrometers and a height of 49 micrometers.
Each associated dot has a width of 43 micrometers and a
height of 39 micrometers. The horizontal and vertical dot
spacing 1s 4 micrometers.

As 1illustrated mm FIG. 10(%k), using the pixel designs
described above, the color dots of display 1080 have opposite
polarity as compared to neighboring polarized components.
Thus, the fringe fields 1n each color dot are amplified to
produce multiple liquid crystal domains.
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FIGS. 11(a)-11(g) show additional color components that
can be used with different embodiments of the present inven-
tion. The color components 1n FIGS. 11(a)-11(g) can be used
with the device component areas, associated dots, and switch-
ing element layouts described above.

FI1G. 11(a) shows color component 1110. In FIG. 11(a), for
clarnity, dashed lines are used to 1llustrate a “border” between
color dots and polarity extension regions. However, in most
embodiments of the present invention the color dots and
polarity extension regions share one continuous electrode to
mimmize manufacturing cost. As shown i FIG. 11(a), the
three color dots of color component 1110 are arranged 1n a
column with each adjacent color dot separated by a first
vertical dot spacing VDS1. Specifically, colordot CD_1_1 1s
vertically adjacent to and above color dot CD_1_2, which 1s
vertically adjacent to and above color dot CD_1_3. In addi-
tion, colordots CD 1 1, CD_1 2, and CD_1 3 are horizon-
tally aligned. Polarnty extension regions PER_1_ 1 and
PER_1_2 extend to the right of colordots CD_1_1,CD_1_2,
and CD_1_3. Polanty extensionregion PER_1_1 1s vertically
centered between color dot CD_1_1 and CD_1_2. Polarity
extension region PER_1_2 1s vertically centered between
color dots CD_1_2 and CD_1_3. Polanty extension regions
PER_1_1 and PER_1_2 have a rectangular shape with a
height that 1s less than vertical dot separation VDS1 and a
width that 1s approximately one color dot width CDW. In
general, the height of polarnty extension regions 1s 4-6
micrometers and the width 1s 4-6 micrometers less than the
color dot width. For example in one embodiment of the
present mvention of the present mvention a color dot has a
width of 43 micrometers, a height of 47 micrometers and the
polarity extension regions have a width of 37 micrometers
and a height of 6 micrometers.

FI1G. 11(b) shows color component 1120. As shown 1n FIG.
11(b), the three color dots of color component 1120 are
arranged 1n a column with each adjacent color dot separated
by a first vertical dot spacing VDS1. Specifically, color dot
CD_1_1 1s vertically adjacent to and above color dot
CD_1_2, which 1s vertically adjacent to and above color dot
CD 1 3. In addition, color dots CD 1 1, CD 1 2, and
CD_1_3 are horizontally aligned. Color component 1120
differs from previous color components because the polarity
extension regions extend to both a first side of the color dots
and a second side of the color dots.

Specifically, polarity extension region PER_1_1 extend to
the right of colordots CD_1_1,CD_1_2, and CD_1_3 while
polarity extension region PER_1_2 extend to the left of color
dots CD_1_1, CD_1 2, and CD_1_3. Polanty extension
region PER_1_1 1s vertically centered between color dot
CD_1_1 and CD_1_2. Polarity extension region PER_1_2 1s
vertically centered between color dots CD_1_2 and CD_1_3.
Polarity extension regions PER_1_1 and PER_1_2 have a
rectangular shape with a height that 1s less than vertical dot
separation VDSI1 and a width that 1s approximately one color
dot width CDW. In general, the height of polarity extension
regions 1s 4-6 micrometers and the width 1s 4-6 micrometers
less than the color dot width.

FIG. 11(¢) shows color component 1130, which 1ncludes
three polarity extension regions. As shown 1n FIG. 11(c¢), the
three color dots of color component 1130 are arranged 1n a
column with each adjacent color dot separated by a first
vertical dot spacing VDS1. Specifically, color dot CD_1_1 1s
vertically adjacent to and above color dot CD_1_2, which 1s
vertically adjacent to and above color dot CD_1_3. In addi-
tion, colordots CD 1 1, CD 1 2, and CD 1 3 are horizon-
tally aligned. Polarity extensionregions PER_1_1,PER_1_2,
and PER 1 3 extend to the left of the column of color dots
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(1.e., color dots CD_1_1, CD_1_2, and CD_1_3). Polarity
extension region PER_1_1 1s vertically centered between
color dot CD_1_1 and CD_1_2. Polanty extension region
PER_1_2 1s vertically centered between color dots CD_1_2
and CD_1_3. Polanty extensionregion PER_1_3 is vertically
below color dot CD_1_3. Generally the extended portion of
polarity extension region PER_1_3 1s below color dot
CD_1_3 by the same distance that the extended portion of
polarity extension region PER_1_2 1s below color dot
CD_1_2. Polanty extension regions PER_1_1, PER_1_2,
and PER_1_3 have a rectangular shape with a height that 1s
less than vertical dot separation VDS1 and a width that 1s
approximately one color dot width CDW. In general, the
height of polarity extension regions 1s 4-6 micrometers and
the width 1s 4-6 micrometers less than the color dot width.

FIG. 11(d) shows color component 1140, which includes
four polarity extension regions. As shown 1n FIG. 11(d), the
three color dots of color component 1140 are arranged 1n a
column with each adjacent color dot separated by a first
vertical dot spacing VDS1. Specifically, color dotCD_1_1 1s
vertically adjacent to and above color dot CD_1_2, which 1s
vertically adjacent to and above color dot CD_1_3. In addi-
tion, colordotsCD 1 1, CD 1 2, and CD_1 3 are horizon-
tally aligned. Polarity extensionregions PER_1_1,PER_1_2,
PER 1 3, and PER_1 4, extend to the left of the column of
color dots (1.e., color dots CD_1_1,CD_1_2, and CD_1_3).
Polarity extension region PER_1_1 1s vertically centered
between color dot CD_1_1 and CD_1_2. Polarity extension
region PER_1_2 1s vertically centered between color dots
CD_1_2 and CD_1_3. Polarity extension region PER_1_3 1s
vertically below color dot CD_1_3. Generally, the extended
portion of polarity extension region PER_1_3 is below color
dot CD_1_3 by the same distance that the extended portion of
polarity extension region PER_1_2 1s below color dot
CD_1_2. Polanty extension region PER_1_4 1s vertically
above color dot CD_1_1. Generally, the extended portion of
polarity extension region PER_1_4 1s above colordot CD_11
by the same distance that the extended portion of polarity
extensionregion PER_1_11sabove colordot CD_1_2. Polar-
ity extension regions PER_1 1, PER_1 2, PER_1_3, and
PER_1_4, have a rectangular shape with a height that 1s less
than vertical dot separation VDS1 and a width that 1s approxi-
mately one color dot width CDW. In general, the height of
polarity extension regions 1s 4-6 micrometers and the width 1s
4-6 micrometers less than the color dot width.

FIG. 11(e) shows color component 1150, which includes
two color dots rather than three. As shown 1n FIG. 11(e), the
two color dots of color component 1150 are arranged in a
column with the color dot separated by a first vertical dot
spacing VDS1. Specifically, color dot CD_1_1 1s vertically
adjacent to and above color dot CD_1_2. In addition, color
dots CD_1_1 and CD_1_2 are horizontally aligned. Color
component 1150 includes a single polarity extension region
PER 1 1, which extends to the left of colordots CD 1 1 and
CD_1_2. Polanty extension region PER_1 1 1s vertically
centered between color dot CD_1_1 and CD_1_2. Polarity
extension region PER_1_1 has a rectangular shape with a
height that 1s less than vertical dot separation VDS1 and a
width that 1s approximately one color dot width CDW. In
general, the height of polanty extension regions 1s 4-6
micrometers and the width 1s 4-6 micrometers less than the
color dot width.

FIG. 11(f) shows a color component 1160, which also uses
two color dots with two polarity extension regions. As shown
in FI1G. 11(f), the two color dots of color component 1160 are
arranged 1n a column with the color dot separated by a first
vertical dot spacing VDS1. Specifically, color dot CD_1_1 1s
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vertically adjacent to and above color dot CD_1_2. In addi-
tion, color dots CD_1_1 and CD_1_2 are horizontally
aligned. Color component 1160 includes a first polarity
extension region PER_1_1, which extends to the right of
colordots CD_1_1 and CD_1_2 and a second polarity exten-
sion region PER_1_2 that extends to the left of color dots
CD_1_1 and CD_1_2. Polarity extension region PER_1_1 1s
vertically centered between color dot CD_1_1and CD_1_
Polanty extension region PER_1_2 1s vertically below color
dot CD_1_2. Generally, the extended portion of polarity
extension region PER_1_2 1s below color dot CD_1_2 by the
same distance that the extended portion of polarity extension
region PER_1_1 1s below color dot CD_1_1. Polarity exten-
sionregions PER_1_1and PER_1_2 have arectangular shape
with a height that 1s less than vertical dot separation VDSI1
and a width that 1s approximately one color dot width CDW.
In general, the height of polarity extension regions 1s 4-6
micrometers and the width 1s 4-6 micrometers less than the
color dot width.

FIG. 11(g) shows color component 1170. Color compo-
nent 1170 1s similar to color component 1110, except that
colordots CD_1_1and CD_1_3 are shifted horizontally from
colordot CD_1_2. Specifically, as shown in FIG. 11(g), color
dot CD_1_1 1s vertically adjacent to and above color dot
CD_1_2. However, color dot CD_1_1 1s horizontally shifted
to the right of color dot CD_1_2 by horizontal dot shift HDSh.
Furthermore, color dot CD_1_1 1s vertically separated from
color dot CD_1_2 by first vertical dot spacing VDS1. Simi-
larly, color dot 1_2 1s vertically adjacent to and above color
dot CD_1_3. However color dot CD_1_3 is horizontally
shifted to the right of color dot CDD_1_2 by horizontal dot shiift
HDSh. Furthermore, color dot CD_1_2 1s separated from
colordot CD_1_3 by first vertical dot spacing VDS1. Thus, 1n
color component 1170, vertically adjacent color dots are hori-
zontally shifted from each other by a horizontal dot shait
HDSh, while 1n color component 1110 (FIG. 11(a)), verti-
cally adjacent color dots are horizontally aligned.

Polarity extension regions PER_1_1 and PER_1_2 extend
to the right of color dots CD_1_1, CD_1_2, and CD_1_3.
Polarity extension region PER_1_1 1s vertically centered
between color dot CD_1_1 and CD_1_2. Polarity extension
region PER_1_2 1s vertically centered between color dots
CD_1_2 and CD_1_3. Polanty extension regions PER_1_1
and PER_1_2 have a rectangular shape with a height that 1s
less than vertical dot separation VDS1 and a width that 1s
approximately one color dot width CDW. In general, the
height of polarity extension regions 1s 4-6 micrometers and
the width 1s 4-6 micrometers less than the color dot width. For
example 1 one embodiment of the present invention of the
present invention a color dot has a width of 43 micrometers,
a height of 47 micrometers and the polarity extension regions
have a width of 37 micrometers and a height of 6 microme-
ters. In color component 1170, both color CD_1_1 and
CD_1_3 are horizontally shifted from color dot CD_1_2 by
the same amount and 1n the same direction. However, in other
embodiments of the present ivention, color dots may be
shifted 1n different directions and may be shifted by different
distances. Furthermore, the various different arrangement of
polarity extension regions described above (and below) can
be combined with shifted color dots.

The principles of the present invention can encompass a
wide variety of color components. One skilled 1n the art can
use the principles described herein to define pixels with color
components having differing shapes, number of color com-
ponents, and number of polarnty extension regions. For
example, one variant would be to have a color component
with two color dots with a polarity extension region extending,
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to the right of the color dots. Other examples can include color
components having four color dots with three polarity exten-
101 regions.

Furthermore, many embodiments of the present invention
may use more complex polarity extension regions. For
example FIG. 12(a) shows color component 1210 having a
complex polanty extension region PER_1_1. For clarity, a
dashed line 12135 1s used to illustrate a “border’” between color
dots and the polarity extension region. However, in most
embodiments of the present invention the color dots and
polarity extension regions share one continuous electrode and
are formed 1n the same metal process to minimize manufac-
turing cost. As shown 1n FIG. 12(a), color component 1210
includes eight color dots arranged in an array having two
columns of four color dots. The two columns are vertically
aligned so that the eight color dots also form four rows of
color dots. The columns of color dots are separated by a first
horizontal dot spacing HDS1. Each vertically adjacent color
dot 1n a column 1s separated by a first vertical dot spacing

VDS1. Specifically, in the first column of color dots, color dot
CD 1 lisabovecolordotCD 1 2. which is above color dot

CD 1 3, which 1s above color dot CD_1 4. In the second
column of color dots, which 1s to the right of the first column
of color dots, color dot CD_1 5 1s above color dot CD 1 6,
which 1s above color dot CD_1 7. which 1s above color dot
CD_1_8. (As explamned above in the notation *“color dot
CD_X_Y”, X specifies a color component CC_X within a
pixel, while Y specifies the color dots within color component
CC_X.) The color dots are electrically coupled along the
outer edge of the array of color dots, except for the space
between color dots CD_1_6 and CD_1_7. Specifically, the
bottom right corner of color dot CD_1_7 1s coupled to the top
right corner of color dot CD_1_8; the bottom leit comer of
color dot CD_1_8 1s coupled to the bottom right corner of
color dot CD_1_4; the top left corner of color dot CD_1_4 1s
coupled to the bottom lett corner of colordotCD_1_3; the top
lett corner of color dot CD_1_3 1s coupled to the bottom leit
corner of color dot CD_1_2; the top left corner of color dot
CD_1_2 1s coupled to the bottom left corner of color dot
CD_1_1; the top right corner of color dot CD_1_1 1s coupled
to the top left corner of color dot CD_1_5; and the bottom
right corner of color dot CD_1_5 1s coupled to the top right
corner of colordot CD_1_6. To lower manufacturing cost, the
color dots and the connections between the color dots can be
formed 1n a single metal process. However, some embodi-
ments of the present invention may use different process steps
to form the color dots and to couple the color dots.

Polanty extension regions PER_1_1 extend to the left of
the color dots 1n color component 1210. (As explained above
in the notation “polarity extension region PER_X_Y”, X
specifies a color component CC_X 1n a pixel, andY specifies
the polarity extension regions in color component CC_X.)
Unlike the polanty extension regions described previously,

polarity extension region PER_1_1 includes three horizontal
polarized regions (HPR_1 1 1, HPR 1.1 2, and
HPR_1_1_3) and a vertical polanized region VPR_1_1_1. In
the notation “horizontal polarized region HPR_X_Y_ 7 and
vertical polanized region VPR_X_Y_Z, X specifies a color

component CC_X, Y specifies the polarity extension region
(1.e. PER_X_Y), and Z specifies the horizontal polarized
region or vertical polarized region within the polarity exten-

sion region. For clanty, FIG. 12(b) shows color component
1210 with horizontal polarized regions HPR_1_1 1,
HPR_1 1 2, and HPR_1_1_3 shaded for clarity. Similarly,
FIG. 12(c) shows color component 1210 with vertical polar-
ized region VPR _1_1_1 shaded for clarity. Polarity extension
region PER_1_1 1s designed to {it 1n the space between the
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color dots of an adjacent color component (as 1llustrated 1n
FIG. 13(a), 13(b4), and 13(c¢)). Thus, hornizontal polarized
region_1_2 1s coupled to the bottom leit corner of color dot
CD_1_2 and the top left corner of color dot CD_1_3 and
extends to the left of the color dots. The length of horizontal
polarized region HPR_1_1_2 1s slightly less than the width of
two color dots plus the two times the first horizontal dot
spacing HDS1. Horizontal polarized region HPR_1_1_1 1s
vertically aligned between color dots CD_1_1 and CD_1_2
and horizontal polarized region HPR_1_2 1s vertically
aligned between colordots CD_1_2 and CD_1_3. Horizontal
polarizedregions HPR_1_1_1and HPR_1_1_3 are separated
from the first column of color dots by slightly more than first
horizontal dot spacing HDS1. The length of horizontal polar-
1zed regions HPR_1_1 1 and HPR_1_1_3 1s slightly less
than the width of two color dots plus first horizontal dot oifset
HIDS1. Vertical polarized region VPR_1_1_1 1s horizontally
centered with horizontal polarized regions HPR_1_1_3 and
HPR_1_1_1 and extends from above horizontal polarized
region HPR_1_1 1 to below horizontal polarized region
HPR_1_1 3. The length of wvertical polarized region
VPR_1_1_1 1s slightly less than four times the height of a
color dot plus three times first vertical dot spacing VDSI1. In
a specific embodiment of the present invention, the height and
width of a color component of a display pixel 1s 300 um and
100 um, respectively, the height and width of the color dots
are 58.5 um and 37.0 um, respectively, the first horizontal dot
spacing HDS1 1s 12 um, the first vertical dot spacing VDS1 1s
12 um, the length of horizontal polarized region HPR_1_1_2
1s 92 um, the length of horizontal polarized region
HPR_1_1_1 and HPR_1_1_3 are 78 um, the height of the
horizontal polarized regions 1s 4 um, length of vertical polar-
ized region VPR_1_1_1 1s 254 um, and the width of vertical
polarized region VPR_1_1_1 1s 4 um.

Color component 1210 can be used with the device com-
ponent areas, associated dots, and switching element inver-
sion schemes described above and 1illustrated 1n FIGS. 7(a)-
7(1), 8(a)-8(e), 9(a)-9(f), and 10(a)-10(e). For example,
FIGS. 13(a) and 13(d) show different dot polarity patterns of
a pixel design 1310 (labeled 1310+ and 1310-) that can be
used 1n displays having a switching element point inversion
driving scheme or a switching element column inversion
driving scheme.

Pixel design 1310 has three color components CC_1, CC_2
and CC_3, for clanty the color components each color com-
ponent 1s shaded differently. Each of the three color compo-
nents has the same arrangement of color dots (8 color dots)
and a polarity extension region (having three horizontal
polarized regions and one vertical polarized region) as color
component 1210, described above. Pixel design 1310 also
includes a switching element for each color component (ret-
erenced as SE_1, SE_2, and SE_3). Specifically, Switching
clements SE_1, SE_2, and SE_3 are coupled to color com-
ponent CC_1, CC_2, and CC_3, respectively. Switching ele-
ments SE_1, SE_2, and SE_3 are arranged 1n a row. Device
component areas DCA_1, DCA_2, and DCA_3 are indicated
around switching element SE_1, SE_2, and SE_3 respec-
tively. Specifically, device component areas DCA_1,
DCA_2, and DCA_3 also form a row and are separated by
second horizontal dot spacing HDS2, which may differ from
first horizontal dot spacing HDS1 of FI1G. 12(a). Device com-
ponent arcas DCA_1, DCA_2, and DCA_3, have a width
approximately equal to two times the width of a color dot plus
the horizontal dot spacing HDS1. Color components CC_1,
CC_2,and CC_3 are vertically aligned and arranged horizon-
tally 1n a row, with the color dots of color components CC_1,
CC_2,and CC_3 horizontally aligned with device component

5

10

15

20

25

30

35

40

45

50

55

60

65

42

arcas DCA_1, DCA_2, and DCA_3, respectively. The row of
color components 1s separated from the row of device com-
ponent areas by vertical dot spacing VDS2, which may differ
from vertical dot spacing VDS1 of FIG. 12(a).

The polanty extension region of color component CC_2 1s
placed in the spaces between the color dots of color compo-
nent CC_1. Specifically, wvertical polarized region
VPR_2_1_1 1slocated between the first column of color dots
of color component CC_1 (1.e., colordots CD_1_1,CD_1_2,
CD_1_3,and CD_1_4) and the second column of color dots
of color component CC_1 (1.e., colordots CD_1_35, CD_1_6,
CD_ 1.7, and CD_1_8). Horizontal polarized region
HPR_2 1 1 is located between the first row of color dots of
color component CC_1 (1.e. colordotsCD_1_1and CD_1_5)
and the second row of color dots of color component CC_1
(1.e. color dots CD_1_2 and CD_1_6). Horizontal polarized
region HPR_2 1 2 i1s located between the second row of
color dots of color component CC_1 (1.¢. color dots CD_1_2
and CD_1_6) and the third row of color dots of color com-
ponent CC_1 (i.e. color dots CD_1_3 and CD_1_7). Honi-
zontal polarized region HPR_2_1_3 1s located between the
third row of color dots of color component CC_1 (1.e. color
dots CD_1_3 and CD_1_7)and the fourth row of color dots of
color component CC_1 (1.e. color dots CD_1_4 and
CD_1_8).

Similarly, the polarity extension region of color component
CC_3 1s located 1n the spaces between the color dots of color
component CC_2. Specifically, vertical polarized region
VPR_3_1_1 is located between the first column of color dots
of color component CC_2 (1.¢., colordots CD_2_1,CD_2 2,
CD_2 3,and CD_2_4) and the second column of color dots
of color component CC_2 (1.¢., colordots CD_2_5,CD_2 6,
CD 2 7, and CD_2_8). Horizontal polarized region
HPR_3_1_1 1s located between the first row of color dots of
color component CC_2 (1.e. colordots CD_2_1and CD_2 _5)
and the second row of color dots of color component CC_2
(1.e. color dots CD_2_2 and CD_2_6). Horizontal polarized
region HPR_3 1_2 is located between the second row of
color dots of color component CC_2 (1.e. color dots CD_2_2
and CD_2 6) and the third row of color dots of color com-
ponent CC_2 (1.e. color dots CD_2_3 and CD_2_7). Hori-
zontal polarized region HPR_3_1_3 1s located between the
third row of color dots of color component CC_2 (i.e. color
dotsCD_2_3 and CD_2_7)and the fourth row of color dots of
color component CC_2 (1.e. color dots CD_2 4 and
CD_2_8).

The polarity of the color dots, associated dots, polarized
extension regions, and switching elements are shown using
“+” and “-” signs. Thus, in FIG. 13(a), which shows the
positive dot polarity pattern of pixel design 1310+, switching
elements SE 1 and SE 3; color dots CD 1 1, CD 1 2,
CD 1.3, CD 14, CD 1.5 CD_1_6, CD_1_7, CD_1_8,
CD 31,CD 32 CD 33 CD 34, CD_35, CD_36,
CD_3 7, and CD_3_8; and polarity extension regions
PER_111 (including vertical polarized region VPR_1_1_1
and horizontal polarized regions HPR_1_1 1, HPR 1_1_2,
and HPR_1_1_3)and PER_3_1 (including vertical polarized
region VPR_3 1 1 and honizontal polanized regions
HPR_3 1 1, HPR_3_1_2, and HPR_3_1_3), have positive
polarity as denoted by “+”. Switching element SE_2; color
dots CD_2 1, CD 22, CD_2 3, CD 24, CD_25,
CD 2 6, CD 2 7, and CD_2 8; and polanty extension
region PER_2 1 (including vertical polarized region
VPR_2_1_1 and horizontal polarized regions HPR_2_1_1,
HPR_2 1 2, and HPR_2 1_3) have negative polarity as
denoted by “-”. Device component areas DC_1, DCA_2, and
DCA_3 are not polarized.
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FIG. 13(b) shows the negative dot polarity pattern of pixel
design 1310-. For the negative dot polarity pattern, switching
elements SE_ 1 and SE_3; color dots CD 1. 1, CD 1 2,
CD_1.3,CD 1.4, CD_1.5,CD_1_6, CD_1_7, CD_1_8,
CD_31,CD 32 CD 33, CD 34, CD 3.5, CD_3 6,
CD 3 7, and CD_3_8; and polanty extension regions
PER_1_1 (including vertical polarized region VPR_1_1_1
and horizontal polarized regions HPR_1_1_1, HPR_1_1_2,
and HPR_1_1_3)and PER_3_1 (including vertical polarized
region VPR_3_1 1 and hornizontal polarized regions
HPR_3 1 1, HPR_3_1 2, and HPR_3_1_3), have negative

polarity as denoted by “-". Switching element SE_2; color

dots CD_2 1, CD 22, CD_ 23, CD 24, CD_25,
CD 2 6, CD_2 7, and CD_2 8; and polarity extension
region PER_2 1 (including vertical polarized region
VPR_2 1_1 and horizontal polarized regions HPR_2 1_1,
HPR_2 1 2, and HPR_2_1_3) have positive polarity as
denoted by “+”. Device component arcas DC_1, DCA_2, and
DCA_3 are not polarized.

Pixels using pixel design 1310 of FIGS. 13(a) and 13(b)
can be used 1n displays using switching element column
inversion driving schemes or switching element point mnver-
sion driving scheme. FIG. 13(c¢) shows a portion of display
1320 using pixels P(0, 0), P(1, 0), P(2, 0), P(0, 1), P(1, 1), and
P(1, 2) of pixel design 1310 with a switching element point
inversion driving scheme. FIG. 13(c¢) also shows gate lines
G 0and G 1andsourcelinesS 0. 1,S 02, S 03.S 1 3,
S12S13.S5S21,S 22 andS 2 3. The color dots of
FIG. 13(c) are labeled “X_Y” rather than “CD_X_Y” due to
space limitations. In display 1320 the pixels are arranged so
that pixels 1n a column alternate between having the positive
dot polarity pattern and having the negative dot polarity pat-
tern and pixels in each row alternate between having the
positive dot polanty pattern and having the negative dot polar-
ity pattern. Thus, pixel P(1, 0) in the first row and pixels P(0,
1)and P(2, 1) 1n the second row have the negative dot polarity
pattern. For clanty, pixels P(0, 1), P(1, 0), and P(2, 1) are
shaded. Pixels P(0, 0) and P(2, 0) in the first row and pixel P(1,
1) in the second row has the positive dot polarity pattern.
However, at the next frame the pixels will switch dot polarity
patterns. Thus in general a pixel P(X,Y) has a first dot polarity
pattern when X+Y 1s even and a second dot polarity pattern
when X+Y 1s odd.

Furthermore, in each row of pixels the polarity extension
regions of the first color component are placed 1n between the
color dots of the third color component of an adjacent pixel.
Thus, a close examination of display 1320 shows that 1f a
color dot has a first polarity, any neighboring polarized com-
ponents have a second polarity. For example, Color dot
CD_3 6 ofpixel P(0, 1) has negative polarity while, color dot
CD 1.2 of pixel P(1, 1), vertical polarized region
VPR_2_1_1, and horizontal polarized regions HPR_2 1 1
and HPR_2_1_2 have positive polarity.

FIG. 13(c¢) also shows source lines (S_0_1,S_0_2,S _0_3,
S 11,512,513, S21,522 andS_2 3)and gate
lines (G_0, and G_1). In general, a source line S_X_7 and
gate line G_Y 1s used for the color component CC_Z of pixel
P(X,Y). Specifically, for a switching element SE_Z 1n pixel
P(X,Y), the first power terminal of switching element SE_Z
1s coupled to source line S_X_ 7, the second power terminal of
switching element SE_Z 1s coupled to color component
CC_Z, and the control terminal of switching element SE_Z7. 1s
coupled to gate line G_Y. For example 1n pixel P(0, 1), which
1s controlled by gate line G_1 and source lines S_0_1,5_0_2,
and S_0_3, the first power terminal of switching elements
SE_1 1s coupled to source line S_0_1, the second power
terminal of switching element SE_1 1s coupled to the elec-
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trode color component CC_1, and the control terminal of
switching element SE_1 1s coupled to gate line G_1. In
embodiments of the present invention that use MOS transis-
tors for switching elements, the source terminal of the MOS
transistor 1s equivalent to the first power terminal of the
switching element, the drain terminal of the MOS transistor 1s
equivalent to the second power terminal of the switching
clement, and the gate terminal of the MOS transistor is
equivalent to the control terminal of the switching element.
In a specific embodiment of the present mvention, the
height and width of a color component of a display pixel 1s
300 um and 100 um, respectively, the height and width of the

color dots are 58.5 um and 37.0 um, respectively, horizontal
dot spacing HDS1 (FIG. 12(a)) 1s 12 um horizontal dot spac-
ing HDS2 1s 14 um, the vertical dot spacing VDS1 (FIG.
12(a)) 1s 12 um vertical dot spacing VDS2 1s 4 um, the length
of horizontal polarized region HPR_1_1_2 i1s 92 um, the
length of hornizontal polarized region HPR_1 1 1 and
HPR_1_1_3 are 78 um, the height of the horizontal polarized
regions 1s 4 um, length of wvertical polarized region
VPR_1_1_1 1s 234 um, and the width of vertical polarized
region VPR_1_1_1 1s 4 um.

Even though, AIFF MVA LCDs in accordance with the
present invention provide wide viewing angle at a low cost,
some embodiments of the present invention use optical com-
pensation methods to further increase the viewing angle. For
example, some embodiments of the present invention use
negative birefringence optical compensation films with ver-
tical oriented optical axis on the top or bottom substrate or
both top and bottom substrates to increase viewing angle.
Other embodiments may use uniaxial optical compensation
films or biaxial optical compensation films with a negative
birelringence. In some embodiments, positive compensation
films with a parallel optical axis orientation can add to the
negative birefringence film with a vertical optical axis orien-
tation. Furthermore, multiple films that include all combina-
tions could be used. Other embodiments may use a circular
polarizer to improve the optical transmission and viewing
angle. Other embodiments may use a circular polarizer with
the optical compensation films to further improve the optical
transmission and viewing angle. Furthermore, some embodi-
ments of the present invention use black matrix (BM) to cover
associated dots (ADs) and/or polarity extension regions
(PERSs) to make the associated dots and/or polarity extension
regions opaque. Use of the black matrix improves the contrast
ratio of the display and may provide better color performance.
In other embodiments, some or all of the black matrix may be
removed (or omitted) to make the associated dots and/or
polarity extension regions transparent, which would improve
light transmittance 1n the display. Improved light transmiut-
tance can lower the power requirements of the display.

In the various embodiments of the present invention, novel
structures and methods have been described for creating a
multi-domain vertical alignment liquid crystal display with-
out the use of physical features on the substrate. The various
embodiments of the structures and methods of this invention
that are described above are 1llustrative only of the principles
of this invention and are not intended to limait the scope of the
invention to the particular embodiment described. For
example, 1n view of this disclosure those skilled 1n the art can
define other pixel definitions, dot polarity patterns, pixel
designs, color components, polarity extension regions,
polarities, Iringe fields, electrodes, substrates, films, and so
forth, and use these alternative features to create a method or
system according to the principles of this invention. Thus, the
invention 1s limited only by the following claims.
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What 1s claimed 1s:
1. A pixel of a display comprising:
a first color component having

a first first-component color dot;

a second first-component color dot adjacent to the first
first-component color dot in a first dimension; and

a first first-component polarity extension region coupled
to the first first-component color dot and the second
first-component color dot, wherein the first first-com-
ponent polarity extension region extends beyond the
first first-component color dot and the second first-
component color dot along a second dimension; and

a second color component having:

a first second-component color dot;

a second second-component color dot adjacent to the
first second-component color dot 1n the first dimen-
s101;

a first second-component polarity extension region
coupled to the first second-component color dot and
the second second-component color dot, wherein the
first second-component polarity extension region
extends beyond the first second-component color dot
and the second second-component color dot along the
second dimension, and wherein the first second-com-
ponent polarity extension region 1s located between
the first second-component color dot and the second
second-component color dot 1n the first dimension.

2. A pixel of a display comprising:
a first color component having

a first first-component color dot;

a second first-component color dot adjacent to the first
first-component color dot in a first dimension; and

a first first-component polarity extension region coupled
to the first first-component color dot and the second
first-component color dot, wherein the first first-com-
ponent polarity extension region extends beyond the
first first-component color dot and the second first-
component color dot along a second dimension; and

a second color component having:

a first second-component color dot;

a second second-component color dot adjacent to the
first second-component color dot 1n the first dimen-
S101;

a first second-component polarity extension region
coupled to the first second-component color dot and
the second second-component color dot, wherein the
first second-component polarity extension region

extends beyond the first second-component color dot
and the second second-component color dot along the
second dimension, and wherein the first second-com-
ponent polarity extension region extends between the
first first-component color dot and the second first-
component color dot.

3. The pixel of claim 2, wherein the second color compo-
nent further comprises a second second-component polarity
extension region coupled to the second second-component
color dot, wherein the second second-component polarity
extension region extends beyond the first second-component
color dot and the second second-component color dot along
the second dimension.

4. The pixel of claim 3, wherein the first second-component
polarity extension region extends on a first side of the first
second-component color dot and the second second-compo-
nent color dot and wherein the second second-component
polarity extension region extends on a second side of the first
second-component color dot and the second second-compo-
nent color dot.
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5. The pixel of claim 3,
wherein the first color component further comprises
a second first-component polarity extension region
coupled to the second first-component color dot,
wherein the second first-component polarity exten-
sion region extends beyond the first first-component
color dot and the second first-component color dot
along the second dimension; and
a third first-component color dot adjacent to the second
first-component color dot 1n the first dimension and
coupled to the second first-component polarity exten-
s10n region; and
wherein the second color component further comprises
a third second-component color dot adjacent to the sec-
ond second-component color dot 1n the first dimen-
sion and coupled to the second second-component
polarity extension region.
6. The pixel of claim 5, wherein the second second-com-

ponent polarity extension region extends between the second
first-component color dot and the third first-component color
dot

7. The pixel of claim 2, further comprising:

a first switching element coupled to the first color compo-
nent, wherein the first switching element 1s configured to
provide a first polarity to the first color component; and

a second switching element coupled to the second color
component, wherein the second switching element 1s
configured to provide a second polarity to the second
color component.

8. The pixel of claim 7, further comprising:

a first-component associated dot encompassing the first
switching element, wherein the first component associ-
ated dot 1s configured to have the second polarity; and

a second-component associated dot encompassing the sec-
ond switching element, wherein the second component
associated dot 1s configured to have the first polarity.

9. The pixel of claim 7, further comprising:

a first first-component associated dot encompassing the
first switching element, wherein the first first-compo-
nent associated dot 1s configured to have the first polar-
ity; and

a second first-component associated dot located between
the first color component and the first first-component
associated dot, wherein the second first-component
associated dot 1s configured to have the second polarity.

10. The pixel of claim 9, further comprising:

a {irst second-component associated dot encompassing the
second switching element, wherein the first second-
component associated dot 1s configured to have the sec-
ond polarity; and

a second second-component associated dot located
between the second color component and the first sec-
ond-component associated dot, wherein the second sec-
ond-component associated dot 1s configured to have the
first polanty.

11. The pixel of claim 9, further comprising:

a first second-component associated dot encompassing the
second switching element, wherein the second compo-
nent associated dot 1s configured to have the first polar-
ity; and

a second second-component associated, wherein the first
second-component associated dot is located between the
second color component and the second second-compo-
nent associated dot and wherein the second second-
component associated dot 1s configured to have the sec-
ond polanity.
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12. The pixel of claim 7, wherein the first switching ele-
ment has a control terminal coupled to a first control line and
the second switching element has a control terminal coupled
to a second control line.

13. The pixel of claim 7, further comprising

a third color component having:

a first third-component color dot;

a second third-component color dot adjacent to the first
third-component color dot 1n the first dimension;

a first third-component polarnty extension region
coupled to the first third-component color dot and the
second third-component color dot, wherein the first
third-component polarity extension region extends
beyond the first third-component color dot and the
second third-component color dot along the second

dimension; and
a third switching element coupled to the third color com-

ponent; wherein the third switching element 1s config-

ured to have the first polarity.

14. The pixel of claim 2, wherein the first second-compo-

nent polarity extension region further comprises:

a first second-component vertical polarized region; and

a first second-component horizontal polarized region
extending between the first first-component color dot
and the second first-component color dot.

15. The pixel of claim 14,

wherein the first color component further comprises:

a third first-component color dot adjacent to the first
first-component color dot in the second dimension;
and

a fourth first-component color dot adjacent to the second
first-component color dot 1n the second dimension
and adjacent to the third first-component color dot 1n
the first dimension, and

wherein the first second-component vertical polarized
region of the first second-component polarity exten-
s1on region extends between the first first-component
color dot and the third first-component color dot and
between the second first-component color dot and the
fourth first-component color dot; and

wherein the first second-component horizontal polar-
1zed region of the first second-component polarity
extension region extends between the third first-com-
ponent color dot and the fourth first-component color
dot.

16. The pixel of claim 15,
wherein the second color component further comprises:

a third second-component color dot adjacent to the first
second-component color dot in the second dimen-
sion; and

a fourth second-component color dot adjacent to the
second second-component color dot 1n the second
dimension and adjacent to the third second-compo-
nent color dot 1n the first dimension, and

wherein the first first-component polarity extension
region comprises a flirst first-component vertical
polarized region and a first first-component horizontal
polarized region.

17. The pixel of claim 15,
wherein the first color component further comprises:

a fifth first-component color dot adjacent to the first
first-component color dot in the first dimension;

a sixth first-component color dot adjacent to the fifth
first-component color dot 1n the second dimension
and adjacent to the third first-component color dot 1n
the first dimension;
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a seventh first-component color dot adjacent to the sec-
ond first-component color dot 1n the first dimension;
and

an eighth first-component color dot adjacent to the sev-
enth first-component color dot 1n the second dimen-
sion and adjacent to the forth first-component color
dot in the first dimension; and

wherein the first second-component polarity extension
region further comprises

a second horizontal polarized region extending between
the first first-component color dot and the fifth first-
component color dot and between the third first-com-
ponent color dot and the sixth first component color
dot; and

a third horizontal polarized region extending between
the second first-component color dot and the seventh
first-component color dot and between the fourth
first-component color dot and the eighth first compo-
nent color dot; and

wherein the vertical polarized region extends between
the fifth first-component color dot and the sixth first-
component color dot and between the seventh first-
component color dot and the eighth first-component
color dot.

18. The pixel of claim 17, wherein the second color com-

ponent further comprises:

a fifth second-component color dot adjacent to the first
second-component color dot 1n the first dimension;

a sixth second-component color dot adjacent to the fifth
second-component color dot in the second dimension
and adjacent to the third second-component color dot 1n
the first dimension;

a seventh second-component color dot adjacent to the sec-
ond second-component color dot 1n the first dimension;
and

an eighth second-component color dot adjacent to the sev-
enth second-component color dot in the second dimen-
stion and adjacent to the forth second-component color
dot in the first dimension.

19. The pixel of claim 2 wherein the first color component

1s offset vertically from the second color component.

20. A pixel of a display comprising:

a first color component having
a first first-component color dot;

a second first-component color dot adjacent to the first
first-component color dot 1n a first dimension; and

a first first-component polarity extension region coupled
to the first first-component color dot and the second
first-component color dot, wherein the first first-com-
ponent polarity extension region extends beyond the
first first-component color dot and the second first-
component color dot along a second dimension; and

a second color component having:

a first second-component color dot;

a second second-component color dot adjacent to the
first second-component color dot 1n the first dimen-
s101;

a lirst second-component polarity extension region
coupled to the first second-component color dot and
the second second-component color dot, wherein the

first second-component polarity extension region
extends beyond the first second-component color dot
and the second second-component color dot along the
second dimension; and
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wherein the first color component 1s oflfset vertically
from the second color component; and

a first switching element coupled to the first color compo-
nent;

a second switching element coupled to the second color
component; wherein the second switching element and
the first switching element form a switching element
row; and

wherein the first color component 1s on a first side of the
switching element row and the second color component
1s on a second side of the switching element row.

21. The pixel of claim 20, wherein the first switching
clement and the second switching element are configured
with a first polarity.

22. The pixel of claim 20, further comprising;:

a first first-component associated dot encompassing the

first switching element;
a second first-component associated dot adjacent to the
first color component and the first first-component asso-
ciated dot 1n the first dimension;
a first second-component associated dot encompassing the
second switching element;
a second second-component associated dot, wherein the
first second-component associated dot 1s adjacent to the
second second-component associated dot and the sec-
ond color component; and
wherein the first color component, the second color com-
ponent, the first first-component associated dot, and the
second second-component associated dot are configured
to have a first polarity and the second first-component
color dot and the first second-component color dot have
a second polarity.
23. The pixel of claim 20,
wherein the first color component further comprises
a second first-component polarity extension region
coupled to the first first-component color dot, wherein
the second first-component polarity extension region
extends beyond the first first-component color dot and
the second first-component color dot along the second
dimension; and

a third first-component color dot adjacent to the first
first-component color dot 1n the first dimension and
coupled to the second first-component polarity exten-
s1on region; and
wherein the second color component further comprises
a second second-component polarity extension region
coupled to the second second-component color dot,
wherein the second second-component polarity
extension region extends beyond the first second-
component color dot and the second second-compo-
nent color dot along the second dimension; and

a third second-component color dot adjacent to the sec-
ond second-component color dot 1n the first dimen-
sion and coupled to the second second-component
polarity extension region.

24. The pixel of claim 20, further comprising

a third switching element adjacent to the second switching,
clement 1n the first dimension in the switching element
row; and

a third color component coupled to the third switching
clement having;:

a first third-component color dot;

a second third-component color dot adjacent to the first
third-component color dot 1n the first dimension;

a first third-component polarty extension region
coupled to the first third-component color dot and the
second third-component color dot, wherein the first
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third-component polarity extension region extends
beyond the first third-component color dot and the
second third-component color dot along the second
dimension; and
wherein the third color component 1s on the first side of the
switching element row.
25. A display comprising:
a first pixel comprising

a first first-pixel color component color component com-
prising:

a first first-pixel first-component color dot;

a second first-pixel first-component color dot adjacent to
the first first-pixel first-component color dot 1n a first
dimension; and

a first first-pixel first-component polarity extension
region coupled to the first first-pixel first-component
color dot and the second first-pixel first-component
color dot, wherein the first first-pixel first-component
polarity extension region extends beyond the first
first-pixel first-component color dot and the second
first-pixel first-component color dot along a second
dimension;

a second pixel comprising

a first second-pixel color component;

a first second-pixel first-component color dot;

a second second-pixel first-component color dot adja-
cent to the first second-pixel first-component color
dot 1in the first dimension; and

a first second-pixel first-component polarity extension
region coupled to the first second-pixel first-compo-
nent color dot and the second second-pixel first-com-
ponent color dot, wherein the first second-pixel first-
component polarity extension region extends beyond

the first second-pixel first-component color dot and
the second second-pixel first-component color dot
along a second dimension; and

wherein, the first second-pixel first-component polarity
extension region extends between the first first-pixel
first-component color dot and the second first-pixel
first-component color dot; and

a first first-pixel switching element coupled to the first
first-pixel color component, wherein the first first-pixel
switching element and first first-pixel color component
are configured to have a first polarity; and

a first second-pixel switching element coupled to the first
second-pixel color component, wherein the first second-
pixel switching element and first second-pixel switching
clement are configured to have a second polarity.

26. The display of claim 25,

wherein the first pixel further comprises:

a second first-pixel color component comprising:

a first first-pixel second-component color dot;

a second first-pixel second-component color dot adja-
cent to the first first-pixel second-component color
dot 1n the first dimension; and

a first first-pixel second-component polarity exten-
sion region coupled to the first first-pixel second-
component color dot and the second first-pixel sec-
ond-component color dot, wherein the first first-
pixel second-component polarity extension region

extends beyond the first first-pixel second-compo-
nent color dot and the second first-pixel second-
component color dot along a second dimension;
and
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wherein the first first-pixel first-component polarity
extension region extends between the first first-
pixel second-component color dot and the second
first-pi1xel second-component color dot; and

a second first-pixel switching element coupled to the
second first-pixel color component; and
wherein the second pixel further comprises:
a second second-pixel color component comprising:

a first second-pixel second-component color dot;

a second second-pixel second-component color dot
adjacent to the first second-pixel second-compo-
nent color dot 1n the first dimension; and

a first second-pixel second-component polarity exten-
sion region coupled to the first second-pixel sec-
ond-component color dot and the second second-
pixel second-component color dot, wherein the
first second-pixel second-component polarity
extension region extends beyond the first second-
pixel second-component color dot and the second

second-pixel second-component color dot along a
second dimension; and

wherein the first second-pixel second-component
polarity extension region extends between the first
second-pixel first-component color dot and the sec-
ond second-pixel first-component color dot; and

a second second-pixel switching element coupled to the
second second-pixel color component.

27. The display of claim 26, wherein the second second-
pixel switching element and second second-pixel color com-
ponent are configured to have the first polarity and the second
first-pixel switching element and the second first-pixel color
component are configured to have the second polarity.

28. The display of claim 25, further comprising:

a third pixel comprising

a first third-pixel color component color component
comprising;:

a first third-pixel first-component color dot;

a second third-pixel first-component color dot adja-
cent to the first third-pixel first-component color
dot 1n a first dimension; and

a first thuard-pixel first-component polarity extension
region coupled to the first third-pixel first-compo-
nent color dot and the second third-pixel first-com-
ponent color dot, wherein the first third-pixel first-
component polarity extension region extends
beyond the first third-pixel first-component color
dot and the second third-pixel first-component
color dot along a second dimension;

wherein the first third-pixel color component is
aligned with the first first-pixel color component 1n
the second dimension and wherein the first first-
pixel color component 1s on a first side of the first
first-pixel switching element and the first third-
pixel color component 1s on a second side of the
first first-pixel switching element; and

a first third-pixel switching element coupled to the first
third-pixel color component;

a Tourth pixel comprising

a first fourth-pixel color component;

a first fourth-pixel first-component color dot;

a second fourth-pixel first-component color dot adja-
cent to the first fourth-pixel first-component color
dot 1n the first dimension; and

a {irst fourth-pixel first-component polarity extension
region coupled to the first fourth-pixel first-com-
ponent color dot and the second fourth-pixel first-
component color dot, wherein the first fourth-pixel
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first-component polarity extension region extends
beyond the first fourth-pixel first-component color
dot and the second fourth-pixel first-component
color dot along a second dimension; and
wherein, the first fourth-pixel first-component polar-
ity extension region extends between the first third-
pixel first-component color dot and the second
third-pixel first-component color dot; and
a first fourth-pixel switching element coupled to the first
fourth-pixel color component.
29. The display of claim 28,
wherein the first third-pixel switching element and the first
third-pixel color component are configured to have the
first polarity; and
wherein the first fourth-pixel switching element and the
first fourth-pixel switching element are configured to
have the second polarity.
30. The display of claim 29,
wherein the first pixel further comprises a first first-pixel
associated dot; wherein the first first-pixel switching
clement 1s located within the first first-pixel associated
dot;
wherein the second pixel further comprises a first second-
pixel associated dot; wherein the first second-pixel asso-
ciated dot 1s located within the first second-pixel asso-
ciated dot; and
wherein the first first-pixel associated dot 1s configured to
have the second polarity and the first second-pixel asso-
ciated dot 1s configured to have the first polarity.
31. The display of claim 28,
wherein the first third-pixel switching element and the first
third-pixel color component are configured to have the
second polarity; and
wherein the first fourth-pixel switching element and the
first fourth-pixel switching element are configured to
have the first polarity.
32. The display of claim 31,
wherein the first pixel further comprises
a first first-pixel first-component associated dot encom-
passing the first first-pixel switching element,
wherein the first first-pixel first-component associ-
ated dot 1s configured to have the first polanty; and
a second first-pixel {first-component associated dot
located between the first first-pixel color component
and the first first-pixel first-component associated dot,
wherein the second first-pixel first-component asso-
ciated dot 1s configured to have the second polarity;
and
wherein the second pixel further comprises
a first second-pixel first-component associated dot
encompassing the first second-pixel switching ele-
ment, wherein the first second-pixel first-component
associated dot 1s configured to have the second polar-
ity; and
a second second-pixel first-component associated dot
located between the first second-pixel color compo-
nent and the first second-pixel first-component asso-
ciated dot, wherein the second second-pixel first-
component associated dot 1s configured to have the
first polarity.
33. The display of claim 25,
wherein the first first-pixel switching element 1s on a first
side of the first first-pixel color component and the first
second-pixel color component; and
wherein the first second-pixel switching element 1s on a
second side of the first first-pixel color component and
the first second-pixel color component.
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34. The display of claim 33, further comprising:

a first control line; and

a second control line;

wherein the first first-pixel switching element has a control
terminal coupled to the first control line and the first
second-pixel switching element has a control terminal
coupled to the second control line.

35. The display of claim 33;

wherein the first pixel further comprises:

a second first-pixel switching element, wherein the first
first-pixel switching element and the second first-
pixel switching element form a first switching ele-
ment row; and

a second first-pixel color component color component
coupled to the second first-pixel switching element,
wherein the second first-pixel color component com-
prises:

a first first-pixel second-component color dot;

a second first-pi1xel second-component color dot adja-
cent to the first first-pixel second-component color
dot 1n a first dimension; and

a first first-pixel second-component polarity exten-
sion region coupled to the first first-pixel second-
component color dot and the second first-pixel sec-
ond-component color dot, wherein the first first-
pixel second-component polarity extension region
extends beyond the first first-pixel second-compo-
nent color dot and the second first-pixel second-
component color dot along a second dimension;
and

wherein the second pixel further comprises:

a second second-pixel switching element, wherein the
first second-pixel switching element and the second
second-pixel switching element form a second
switching element row; and

a second second-pixel color component color compo-
nent coupled to the second second-pixel switching
clement, wherein the second second-pixel color com-
ponent comprises:

a first second-pixel second-component color dot;

a second second-pixel second-component color dot
adjacent to the first second-pixel second-compo-
nent color dot 1n a first dimension; and

a first second-pixel second-component polarity exten-
sion region coupled to the first second-pixel sec-
ond-component color dot and the second second-
pixel second-component color dot, wherein the
first second-pixel second-component polarity
extension region extends beyond the first second-
pixel second-component color dot and the second

second-pixel second-component color dot along a
second dimension.
36. The display of claim 35,
wherein the first first-pixel color component 1s on a first
side of the first switching element row and the second
first-pixel color component 1s on a second side of the first
switching element row; and
wherein the first second-pixel color component 1s on a first
side of the second switching element row and the second
second-pixel color component 1s on a second side of the
second switching element row.
37. The display of claim 35,
wherein the second first-pixel switching element and the
second first-pixel color component are configured to
have the first polarity; and

54

wherein the second second-pixel switching element and
the second second-pixel color component are configured
to have the second polarity.

38. The display of claim 37 further comprising a third pixel

5 comprising;
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a first third-pixel switching element 1n the second switch-
ing element row;

a first third-pixel color component coupled to the first
third-pixel switching element, wherein the first third-
pixel color component comprises:

a first thard-pixel first-component color dot;

a second third-pixel first-component color dot adjacent
to the first third-pixel first-component color dot in the
first dimension; and

a first third-pixel first-component polarity extension
region coupled to the first third-pixel first-component
color dot and the second third-pixel first-component
color dot, wherein the first third-pixel first-compo-
nent polarity extension region extends beyond the first

third-pixel first-component color dot and the second

third-pixel first-component color dot along a second
dimension;

wherein the first first-pixel first component polarity
extension region extends between the first third-pixel
first-component color dot and the second third-pixel
first-component color dot;

a second third-pixel switching element in the second
switching element row;

a second third-pixel color component coupled to the sec-
ond third-pixel switching element, wherein the second
third-pixel color component comprises:

a first third-pixel second-component color dot;

a second third-pixel second-component color dot adja-
cent to the first third-pixel second-component color
dot 1n the first dimension; and

a first third-pixel second-component polarity extension
region coupled to the first third-pixel second-compo-
nent color dot and the second third-pixel second-com-
ponent color dot, wherein the first third-pixel second-
component polarity extension region extends beyond

the first third-pixel second-component color dot and

the second third-pixel second-component color dot
along a second dimension.

39. The display of claim 38,

wherein the third pixel further comprises:

a first third-pixel second-component associated dot,
wherein the second third-pixel switching element 1s
located within the first third-pixel second component
associated dot; and

a second third-pixel second-component associated dot,
wherein the first third-pixel second-component asso-
ciated dot 1s located between the second third-pixel
second-component associated dot and the first first-
pixel color component;

wherein the first pixel further comprises:

a first first-pixel second-component associated dot,
wherein the second first-pixel switching element 1s
located within the first first-pixel second component
associlated dot; and

a second first-pixel second-component associated dot,
wherein the first first-pixel second-component asso-
ciated dot 1s located between the first first-pixel sec-
ond-component associated dot and the first third-pixel
color component;

wherein the first third-pixel switching element, the first
third-pixel color component, the first-first-pixel second-
component associated dot, the second third-pixel
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switching element, the second third pixel color compo-
nent, and the first third-pixel second component associ-
ated dot are configured to have the second polarity; and
wherein the second first-pixel second-component associ-
ated dot and the second third-pixel second-component
associated dot are configured to have the first polarity.

40. The display of claim 33;
wherein the first pixel further comprises:

a second first-pixel switching element, wherein the first
second-pixel switching element and the second first-
pixel switching element form a first switching ele-
ment row; and

a second first-pixel color component color component
coupled to the second first-pixel switching element,
wherein the second first-pixel color component com-
prises:

a first first-pixel second-component color dot;

a second first-pixel second-component color dot adja-
cent to the first first-pixel second-component color
dot 1n a first dimension; and

a first first-pixel second-component polarity exten-
sion region coupled to the first first-pixel second-
component color dot and the second first-pixel sec-
ond-component color dot, wherein the first first-
pixel second-component polarity extension region
extends beyond the first first-pixel second-compo-
nent color dot and the second first-pixel second-
component color dot along a second dimension;
and

wherein the first first-pixel first-component polarity
extension region extends in between the first first-
pixel second-component color dot and the second
first-pixel second-component color dot;

wherein the second pixel further comprises:

a second second-pixel switching element, wherein the
first first-pixel switching element and the second sec-
ond-pixel switching element form a second switching
element row; and

a second second-pixel color component color compo-
nent coupled to the second second-pixel switching
clement, wherein the second second-pixel color com-
ponent comprises:

a first second-pixel second-component color dot;

a second second-pixel second-component color dot
adjacent to the first second-pixel second-compo-
nent color dot 1n a first dimension; and

a first second-pixel second-component polarity exten-
sion region coupled to the first second-pixel sec-
ond-component color dot and the second second-
pixel second-component color dot, wherein the
first second-pixel second-component polarity
extension region extends beyond the first second-
pixel second-component color dot and the second
second-pixel second-component color dot along a
second dimension; and wherein the first second-
pixel second-component polarity extension
extends between the first second-pixel first-compo-
nent color dot and the second second-pixel first-
component color dot.

41. The display of claim 40,

wherein the second first-pixel switching element and the
second first-pixel color component are configured to
have the second polarity; and

wherein the second second-pixel switching element and
the second second-pixel color component are configured
to have the first polarity.
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42. The display of claim 33 further comprising a third pixel

comprising;

a first third-pixel switching element in a third switching
element row;

a first third-pixel color component coupled to the first
third-pixel switching element, wherein the first third-

pixel color component 1s aligned with the first first-pixel
color component 1n the second dimension; wherein the
first first-pixel color component 1s on a first side of the
second switching element row and the first third-pixel
color component 1s on a second side of the second
switching element row; and wherein the first third-pixel
color component comprises:

a first thard-pixel first-component color dot;

a second third-pixel first-component color dot adjacent
to the first third-pixel first-component color dot 1n the
first dimension; and

a first third-pixel first-component polarity extension
region coupled to the first third-pixel first-component
color dot and the second third-pixel first-component
color dot, wherein the first third-pixel first-compo-
nent polarity extension region extends beyond the first

third-pixel first-component color dot and the second

third-pixel first-component color dot along a second
dimension;

a second third-pixel switching element in the second
switching element row;

a second third-pixel color component coupled to the sec-
ond third-pixel switching element, wherein the second
third-pixel color component comprises:

a first third-pixel second-component color dot;

a second third-pixel second-component color dot adja-
cent to the first third-pixel second-component color
dot 1n the first dimension; and

a first third-pixel second-component polarity extension
region coupled to the first third-pixel second-compo-
nent color dot and the second third-pixel second-com-
ponent color dot, wherein the first third-pixel second-
component polarity extension region extends beyond

the first third-pixel second-component color dot and

the second third-pixel second-component color dot
along a second dimension;

wherein the first third-pixel first component polarity
extension region extends between the first third-pixel
second-component color dot and the second third-
pixel second-component color dot.

43. The display of claim 42,

wherein the third pixel further comprises:

a first third-pixel second-component associated dot,
wherein the second third-pixel switching element 1s
located within the first third-pixel second component
associated dot; and

a second third-pixel second-component associated dot,
wherein the second third-pixel second-component
associated dot 1s located between the first third-pixel
second-component associated dot and the second
first-pixel color component;

wherein the first pixel further comprises:

a first first-pixel first-component associated dot, wherein
the first first-pixel switching element 1s located within
the first first-pixel first-component associated dot; and
a second first-pixel second-component associated dot,

wherein the first first-pixel first-component associ-

ated dot 1s located between the second first-pixel sec-
ond-component associated dot and the first third-pixel
color component;
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wherein the first third-pixel switching element, the first
third-pixel color component, the first-third-pixel sec-
ond-component associated dot, and the first first-pixel
first-component associated dot have the second polarity;
and

wherein the second third-pixel switching element, the sec-
ond third pixel color component, the second third-pixel
second-component associated dot, and the first first-
pixel second-component associated dot are configured
to have the first polarity.

44. The display of claim 25, wherein:

the first first-pixel color component further comprises

a third first-pixel first-component color dot adjacent to
the second first-pixel first-component color dot 1n the
first dimension; and

a second first-pixel first-component polarity extension
region coupled to the second first-pixel first-compo-
nent color dot and the third first-pixel first-component
color dot, wherein the second first-pixel first-compo-
nent polarity extension region extends beyond the
second first-pixel first-component color dot and the
third first-pixel first-component color dot along the
second dimension; and

the first second-pixel color component further comprises

a third second-pixel first-component color dot adjacent
to the second second-pixel first-component color dot
in the first dimension; and

a second second-pixel first-component polarity exten-
s1on region coupled to the second second-pixel first-
component color dot and the third second-pixel first-
component color dot, wherein the second second-
pixel first-component polarity extension region
extend between the second first-pixel first-component
color dot and the third first-pixel first-component
color dot along the second dimension.

45. A display comprising;:
a first pixel comprising,

a first first-pixel color component color component com-
prising;

a first first-pixel first-component color dot;

a second first-pixel first-component color dot adjacent to
the first first-pixel first-component color dot 1n a first
dimension; and

a first first-pixel first-component polarity extension
region coupled to the first first-pixel first-component
color dot and the second first-pixel first-component
color dot, wherein the first first-pixel first-component
polarity extension region extends beyond the first
first-pixel first-component color dot and the second
first-pixel first-component color dot along a second
dimension;

a second pixel comprising

a first second-pixel color component;

a first second-pixel first-component color dot;

a second second-pixel first-component color dot adja-
cent to the first second-pixel first-component color
dot 1n the first dimension; and

a first second-pixel first-component polarity extension
region coupled to the first second-pixel first-compo-
nent color dot and the second second-pixel first-com-
ponent color dot, wherein the first second-pixel first-
component polarity extension region extends beyond

the first second-pixel first-component color dot and

the second second-pixel first-component color dot
along a second dimension; and

wherein, the first second-pixel first-component polarity
extension region extends between the first first-pixel
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first-component color dot and the second first-pixel
first-component color dot; and
wherein the first first-pixel color component further com-
prises

a third first-pixel first-component color dot adjacent to
the first first-pixel first-component color dot 1n the
second dimension; and

a fourth first-pixel first-component color dot adjacent to
the second first-pixel first-component color dot 1n the
second dimension and adjacent to the third first-pixel
first-component 1n the first dimension; and

wherein the first second-pixel first-component polarity
extension region comprises:

a first horizontal polarized region extending between the
first first-pixel first-component color dot and the sec-
ond first-pixel first-component color dot and between
the third first-pixel first-component color dot and the
fourth first-pixel first-component color dot; and

a vertical polanized region extending between the first
first-pixel first-component color dot and the third
first-pixel first-component color dot and between the

second first-pixel first-component color dot and the
tourth first-pixel first-component color dot.
46. The display of claim 45,
wherein the first pixel further comprises a first first-pixel
switching element coupled to the first first-pixel color
component;
wherein the second pixel further comprises a first second-
pixel switching element coupled to the first second-pixel
color component; and
wherein the first first-pixel switching element and the first
first-pixel color component are configured to have a first
polarity and the first second-pixel switching element and
the first second-pixel color component are configured to
have a second polarity.
4'7. The display of claim 45,
wherein the first first-pixel color component further com-
prises

a fifth first-pixel first-component color dot adjacent to
the first first-pixel first-component color dot in the
first dimension;

a sixth first-pixel first-component color dot adjacent to
the third first-pixel-first-component color dot 1n the
first dimension and adjacent to the fifth first-pixel first
component color dot 1n the second dimension;

a seventh first-pixel first-component color dot adjacent
to the second first-pixel first-component color dot 1n
the first dimension; and

an e1ghth first-pixel first-component color dot adjacent
to the fourth first-pixel-first-component color dot 1n
the first dimension and adjacent to the seventh first-
pixel first component color dot 1n the second dimen-
s101;

wherein the first second-pixel first-component polarity
extension region further comprises:

a second horizontal polarized region extending between
the first first-pixel first-component color dot and the
fitth first-pixel first-component color dot and between
the thard first-pixel first-component color dot and the
sixth first-pixel first-component color dot; and

a third horizontal polarized region extending between

the second first-pixel first-component color dot and
the seventh first-pixel first-component color dot and
between the fourth first-pixel first-component color
dot and the eighth first-pixel first-component color
dot; and
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wherein the vertical polarized region extends between
the seventh first-pixel first-component color dot and
the eighth first-pixel first-component color dot and
between the fifth first-pixel first-component color dot
and the sixth first-pixel first-component color dot.
48. The display of claim 45,
wherein the first second-pixel color component further
COMPrises
a third second-pixel first-component color dot adjacent
to the first second-pixel first-component color dot 1n
the second dimension; and
a fourth second-pixel first-component color dot adjacent
to the second second-pixel first-component color dot
in the second dimension and adjacent to the third
second-pixel first-component 1n the first dimension;
and
wherein the second pixel further comprises a second sec-
ond-pixel color component comprising;
a first second-pixel second-component color dot;
a second second-pixel second-component color dot

10

15

adjacent to the first second-pixel first-component 2

color dot 1n the first dimension; and

60

a first second-pixel second-component polarity exten-

s10n region coupled to the first second-pixel second-

component color dot and the second second-pixel

second-component color dot, wherein the first sec-

ond-pixel second-component polarity extension

region Comprises:

a first horizontal polarized region extending between

the first second-pixel first-component color dot and

the second second-pixel first-component color dot
and between the third second-pixel first-compo-
nent color dot and the fourth second-pixel first-
component color dot; and

a vertical polarized region extending between the first
second-pixel first-component color dot and the
third second-pixel first-component color dot and
between the second second-pixel first-component
color dot and the fourth second-pixel first-compo-
nent color dot.
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